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PREFACE. 



So far as the author of this work is aware, there is no 
previous publication which attempts either to cover the 
ground which is here traversed, or to attain the object 
he has in view. 

Briefly, the ground covered is represented by that part 
(by far the most important) of the commercial work of 
an engineering establishment which centres in the 
preparation of estimates. The object in view, primarily, 
is to place a general acquaintance, at least, with com- 
mercial engineering within the reach of young men 
receiving a practical training in engineering shops and 
drawing offices, so many of whom are often placed at 
serious disadvantage later on in their lives for want of 
commercial knowledge. 

The need of a book dealing with the subjects which 
are herein treated has long been recognised ; and whilst 
it is not to be supposed that the present work can 
entirely and in every detail meet that want, the author 
hopes it may be found sufficiently comprehensive to be 
practically useful in many quarters. At all events, he 
can say that there was a time in his own experience 
when, being called upon unexpectedly to discharge im 
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portant managerial duties, such a book as the present 
would have been of immense service to him. 

Attention has been confined as closely as possible to 
matters actually bearing on the purpose in view ; and 
only such incidental digressions have been introduced as 
appeared likely to afford su^estions which might be 
useful in commercial negociations. No attempt has been 
made (indeed, none would have been possible within 
reasonable limits) to deal either with designing on the 
one hand, or general book-keeping on the other. 
Numerous works on both subjects are already available. 

Whilst specially written for the younger men already 
mentioned, the author hopes and believes that the 
present publication — and more particularly the sections 
dealing with indirect expenses and the preparation of 
costs — will prove of interest and use to many principals, 
managers, and others who are already engaged in direct- 
ing the commercial work of engineering establishments. 

London, 

Decembtt, 1880. 
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ENGINEERING ESTIMATES, 
COSTS, AND ACCOUNTS. 



INTRODUCTORY. 

It is a common complaint; and one which from time to time 
finds vigorous expression in our technical journals, that young 
men supposed to be learning their profession in mechanical 
eng^eering establishments rarely receive any systematic 
instruction in estimating, or even have afforded tiKm opportu- 
nities of acquiring the knowledge necessary to enable Uiem to 
prepare a formal tenderer to give a simple quotation. 

As a rule, there is no part of the work of an engineering 
establishment about which it is so didicult to obtain information 
as that dealing with the preparation of estimates. This circum- 
stance undoubtedly constitutes a serious defect in our methods 
of training yoong engineers. It is, however, futile to suppose 
that employers will lay themselves out to remedy this defect. 

For reasons which all can appreciate, most employers keep 
everything connected with the methods and rates they ad(^ in 
preparing their estimates to themselves and a few confidential 
officials; It is, moreover, quite true that one may become a 
skilful engineer and may discharge successfully all the duties 
expected of a skilled mechanic without knowing anything about 
the preparation of estimates or how the commercial business 
of an engineering establishment must be manned. 

B 
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2 INTRODUCTORY. 

At the same time, a youi^ man who enters an engineering 
establishment, not merely to be a pattern maker or a turner or 
a fitter, but to learn a business, aims, if he is worth anything at 
all, to become something more than a simple journeyman or 
tradesman. He hopes to fill, sooner or later, some responsible 
managerial position ; but it is obvious that his qualifications 
for such positions would be immensely increased if, in addition 
to the technical knowledge and practical skill he acquires in his 
progress through the shops, be added a knowledge of com- 
mercial engineering, and particularly of the preparation of 
estimates. 

For want of this commercial knowledge on his part, he is 
very likely to see some coveted post pass into the possession of 
one who has had no practical training whatever, but has been 
brought up entirely in the offices. 

It is the primary object of this work to remedy, as far as may 
be possible by such means, the defect previously mentioned, and 
to convey to young men connected with mechanical engineering 
who possess a healthy ambition to rise in their profession, a 
general acquaintance with commercial management, and espe- 
cially with the preparation of estimates. 

It is intended, first, to consider the general principles by 
which we have to be guided and the conditions which commonly 
control us in the preparation of estimates ; next to review the 
different classes of material and labour with which we have to 
deal and the prices at which these may be rated ; then to 
examine in detail the cost of manufacturing, and the prices at 
which they are sold, of that large class of articles whidi consti- 
tute general millwright work, passii^ on to deal in like manner 
with certain representative classes of machinery, engines and 
boilers. 

Finally, the oi^nisation and routine of the cost-keeping 
department of an engineering establishment will be explained 
and illustrated by specimen rulings of the principal books 
employed. 

It is not, of course pretended that the methods which will be 
set forth and the rates that will be used in this work are of 
universal adoption. Every establishment has its own special 
methods and arrangements. What will be attempted is to 
explain the lines as it were along which the business of 
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GENERAL PRINaPLES. 3 

estimating and the commercial management of an establish- 
ment proceeds, and to illustrate the work by practical examples, 
so as to enable any intelligent young man to adapt himself 
readily to the methods and arrangements peculiar to any 
establishment in which he may be placed. 

There are certain obvious reflections, applicable to all 
businesses, which it is necessary to have in view. Capital is 
invested in a manufacturing industry with the primary object of 

earning a profit for its owners. A profit can oitly 
pS^^SrL be made in one way — ^by seUing the productions 

of the business for a laiger sum than the gross 
cost of manufacturing and delivering them to the buyers. The 
amount of profit made b determined by three elements — cost ot 
the raw material, cost of manufacturing, and the selling prices 
of the finished articles. 

A modification in any one of these elements will have its 
effect on the profit (or loss) that will be made in any case. The 
prices, however, at which the productions of any manufacturing 
industry are sold, are rarely, if ever, quite arbitrary — deter- 
mined solely by the will of the manufacturer. They are 
determined, first, by the demand that exists for that 
particular kind of manufactures ; and secondly, by the compe- 
tition of the makers, actual or prospective. It is true that the 
manufacturers of a particular kind of articles — tube and file 
makers and the makers of certain classes of iron and steel, for 
example — may combine tc^ether and a^ree not to sell their 
productions under certain prices. It is, however, the competi- 
tion amongst themselves which compels them to take this 
course, and prospective competition which prevents them fixing 
the rates higher. Competition always tends to equalise the 
selling prices of the same class of articles in the same market, 
and thus to set up what may be called a "normal" price for 
that class of articles. 

Equally, the prices which must be paid for the raw material 
required by any manufacturing establishment, are also deter- 
mined by the demand on the part of the manufacturers and the 
competition amongst the owners or producers of the raw 
material Consequently, both the price which he must pay for 
his raw material and the price which he can get for his finished 
productions are laigely determined by influences over which the 
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4 INTRODUCTORY. 

manufacturer has comparatively little control. Hence we learn 
the immense importance of the second element mentioned 
above — cost of manufacturing — in relation to the profit that can 
be. made In any establishment. Upon the way in which the 
manufacturing processes are organised and directed, the profit 
will l^igely depend. 

What has just been said will be found strictly applicable to 
the business of a manufacturing engineer. We may consider 
engineering productions under two heads — General and 
Specialties. 

Leaving the latter out of view for a moment, and having 

r^^rd only to the former, suppose the case of an engineer who 

proposes to tender for some such work — a quantity of shafting 

ConaldATa- ^'"^ g^^i^'iig. for example. What are the con- 

Oons deter- siderations by which he will be influenced in 

nUnln? determining the amotint of his tender ? In the 

Tenaen. f^j^^ place, he must know what the necessary 
materials will cost him to buy, and will exercise his knowledge 
of the markets in finding out the lowest prices at which he can 
buy material of the requisite quality. Secondly, he will 
consider how he can convert the material in the raw or half- 
manufactured condition in which he will receive it, into the 
condition required hy the customer, at the lowest possible cost 
in labour and expenses. 

He will dearly wish to fix a price that will leave him a reason- 
able profit at least. Engineers, like inany other manufacturers, 
are sometimes obliged to work at cost price, and even under. 
When trade is very bad and orders scarce it may be better for 
an engineer to take a contract at cost price, in order to keep his 
establishment together and in working order, than to be without 
it. Of course, such a policy will only be adopted when absolutely 
unavoidable, and cannot be loi^ pursued. Again, an engineer 
beginning business will often be content to work for very litlle 
profit for a time, in order to make a connection. But, of course, 
as a general thing, the price which an engineer quotes for any 
work will be one that will leave him some reasonable profit 
His leadit^ idea will, indeed, be to make as large a profit as 
he can. He will, however, probably know that invitations 
have been sent to other finns to tender for the same work ; he 
will thus be in competition, and must consider his price 
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COMPETITION. 5 

accordingly. He will, -therefore, be anxious to obtain any 
infonnation he can as to the nature and extent of the 
competition he has to meet Small circumstances — tlie ' 
presence of a representative of a rival house in his district — 
some reference in the specification to a peculiarity of con- 
struction known to be specially recommended by another firm, 
will often convey to a shrewd man of business much informa- 
tion as to the competition he must take into account. He will 
try to avoid two extremes — a very low and a very h^h 
quotation. A very low price, would no doubt, secure him the 
order, but, even if such a price leaves, a ipargin of profit, it is 
unpleasant to reflect when an order has been secured, that.a 
touch higher price might have been obtained. On the other 
hand, a very h^h price would not only lose the particular order 
in view, but might deter the enquirer from asking for tenders 
on future occasions. 

It may be that the competition is purely local and that our 
engineer enjoys a first-cla^ reputation for the way in which he 
does his work. In this case be may think himself able to add 
something to what may be considered the normal price of the 
work, on account of his reputation. On the other hand, he 
may know that his reputation is not very good — or it may be 
to make — in which case he will probably quote somethii^ 
under the normal price, thus discounting his disadvantages with 
a view, to tempt his customer. Again, the work may be for 
his district and his competitors at a. distance. In this case, if 
his works are modem or as good as bis competitors, he may 
have a slight advantage, and may think himself able to add a 
little to his tender in consequence. At the same time he will 
be careful how he tries to avail himself of such an advantage, 
because his competitors may do what he might be quite 
willing to do himself if in their circumstances — that is, to ^ink 
extra carriage and other expenses, or a lai^ part of them, 
and thus keep their quotations dowiu 

Our engineer will be placed under one of two very different 
Detailed and conditions. Either he, in commoq- wit^ his com- 

Oeneral petitors, will have received a complete detailed 

Speelllca- specification, with plans^ of the work to be done, 
™°'* : or he will merely have received a general descrip- 
tion of wt^t the intending purchaser wishes to acco^anplish. In 
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6 INTRODUCTORY. 

the fonner case he will simply have to get out his quan- 
tities and workmanship in accordance with the speulicatioa 
and plan, affix his rates, and obtain his total ; in the latter he 
will have to prepare his own plan and specification. In the 
first case he will know that the lowest tender will probably be 
the one which will be accepted This is nearly always so with 
the contracts of railway companies and other public bodies' — at 
any rate when tenders are specially invited, and not publicly 
advertised. Such bodies usually issue very detailed specifi- 
cations, and when they invite tenders only ask firms in whom 
they have confidence. It is, therefore, a matter of indifference 
to them, in all respects save that of price, which tender is 
accepted, and consequently they take the lowest. Very small 
differences in amount are in such cases sufficient to win or lose 
important contracts. In one instance in the author's experience 
a difference of ;^3 only in a considerable tender for locomotive 
boilers lost his firm the order. This being so, our engineer will 
aim to quote a price which will be just sufficient, and no more, 
below all the other tenders to secure him the order ; provided, of 
course, that such price mil leave him the mmimum of profit for 
which he is willing to work. 

In the second case price may not be the only condition that 
will determine who secures the order. Under this condition 
there will be opportunities for our engineer to exercise both 
his mechanical ingenuity and his commercial tact — the former 
in devising the best or mos^ economical method of accomplish- 
ing the object in view; and the latter in preparing the 
specification and in persuading the intending buyer that what 
the specification proposes is the best, and worth the amount of 
the tender. 

It will thus be seen that there are many conuderations which 
may influence a manufacturing engineer in determining the 
amount of his tender for any proposed work, Consideratioqs of 
a similar nature will also influence him when charging a 
customer for work that has been done without reference to any 
formal tender. In the proper application of such considera- 
tions lies the highest art of business. 

It does not, however, usually fall to the lot of the sub- 
manager or the estimate clerk to make this practical 
applicatioiL Their duty is generally fulfilled by |»eparing an 
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estimate in accordance with the rules or custom or the estab- 
iisfament, leaving it to the chief manager or principal himself 
to practically apply such considerations as have just been 
pointed out, by reducing or increasii^ the total amount of the 
estimate so prepared. At the same time it will be well for 
younger men to endeavour to take the broadest possible views 
of their business, and to note carefully the considerations that 
influence their seniors in different cases as they arise, and the 
dq^ree of success that attends the application of those consider- 
ations. 

The prices of specialties are also lai^y determined by 
such considerations as those to which we have referred. It by 
no means follows that a manufacturer \nll be independent of 
Soeelaltles (^oiipctition, and can afford to disregard the 
elementary conditions of ordinary business because 
he makes specialties which are patented inventions. This 
indeed is very rarely the case — only in some exceptional 
instances^ where the inventions are both unique and of great 
importance. In the great majority of patented specialties the 
manufacturer is quite as much under the control of competition, 
as any other, liie maker of a patent pump, for example, must 
determine his price largely by the prices asked by other makers 
for their pumps, even although his may possess some advan- 
tages over most other kinds. The users of pumps will pay a 
reasonable price for improvements, but will put up with the 
inconveniences of inferior pumps rather than pay an excessive 
price for a better one. 

A very high price for any specialty will always operate in 
two ways to the disadvantage of the maker — it will restrict the 
sale, and will stimulate inventors to produce a cheaper appa- 
ratus. Hence prudence would clearly dictate a reasonable 
moderation in fixing the price at which even a valuable pa- 
tented invention is to be offered to the public. 

A specialty, however, need not be a patented invention. An 
engineer may determine, by giving particular attention to one 
class of ordinary work, to make a specialty of its manufacture. 
For instance, he may decide to make a specialty of the manu- 
facture of shading, or of wheels, or some type of boiler or 
engine. His object may be to get special prices for his produc- 
&mSf on account of the superior merits they possess, owing to 
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the particular atteation he gives to that kind of work : or it may 
be. by means of spedal tools, by purchasing the raw material 
manufacturing it and selling the flnished article in large quanti- 
ties, so to reduce the cost of manufacture below what may be 
considered the normal cost of that particular kind of work as 
to enable him to make a laiger profit than usual out of such 
work at ordinary rates, or even to sell under the usual prices. 
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CHAPTER 11. 

ESTISiATES TECHNICALLY CONSIDERED. 

Having now briefl/ indicated certain guiding principles or 
considerations affecting the preparation of estimates, we may- 
pass on to consider our subject more in detail. 

Engineering estimates may be considered from two points of 
iriew, or may be said to possess a twofold character — a techni- 
cal and a commercial. Technically considered, the preparation 
of an estimate consists in the calculation of the weights or 
.quantities of material, and in estimating the amount of labour, 
-skilled and common, that will be required to complete a pro- 
:posed piece of work : whilst the commercial function consists in 
determining the rates at which the various kinds of material 
and labour shall be priced in the estimate, in apportioning the 
proper sums for manufacturing expenses and profit, and in de- 
ciding the final amount of the tender. In other words, the 
technical function deals with quantities, and the commercial 
with prices. 

In small establishments both technical and commercial duties 
are often performed by the same person ; but in large works 
the technical part of an estimate is in most cases performed by 
one person — generally a draughtsman, with the assistance of 
the foreman ; and the commercial part is dealt with by another 
' — an. estimate clerk under the direction of the manager, or by 
the manager himself. 

The technical preparation of an estimate naturally divides 
itself into two parts — namely : ist, material ; 2nd, labour or 
workmanship. 

VatAHai ^^ materials with which we have to deal jure 
principally the following : 

Cast Iron, — In its ordinary condition we meet with cast iron in 
nearly every estimate, as it enters more or less into most engineer- 
ing productions, being especially employed whenever the qualities 
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of stiffness or rigidity or resistance to compression are required* 
or adherence to a shape which cannot be readily forged i» 
necessary : hence, used for the cylinders and framing of engines* 
for the framework of nearly every class of machinery, for wheels 
and pulleys, columns, beams, wall boxes and brackets, and 
innumerable other objects. Occasionally also we meet with it 
in the special conditions of malleable and chilled castings, the 
former being largely used for parts of machines which are 
required to be as light and strong as possible, but which 
cannot be made of wrought iron on account of cost or un- 
suitable shape; and the latter being employed wherever it is 
necessary to have great surface hardness to resist abrasion 
or indentation, as in the roller paths or rollers of swing 
bridges, the rolls of certain classes of mills, and in other 
cases. 

Wrought or " Malla^U" Irtn. — In the shape of foigings for 
crank-shafts, cranks, connecting and piston rods of en^nes, 
axles, and heavy shafting ; in the shape of round bars for com- 
mon shafting, spindles, small pump rods, tie rods and bolts ; 
and in the shape of tees, angles and plates for boilers, bridges 
and roofs. 

SUel Castit^s. — Now being used in daily increasing quantities 
in cases where formerly common cast iron, malleable cast iron* 
or wrought iron would have been employed. 

MiU Stal. — Which, in the forms of forgings, bars, angles and 
plates, is now laigely used where quite recently the superior 
classes of wrought iron were employed, and is even displacing 
wrought iron for many ordinary purposes. 

Copper. — In the form of round bars for special pump rods, for 
bolts to be used in positions where iron is not admissible, and 
in the form of sheets for special boilers, kiers, or stills, and 
steam and other pipes on board ship. 

Brass, Gtm Metal, Phosphor Bronze and other Alloys. — Princi- 
pally in the shape of castings for bearings, bushes, glands, 
valves, taps, pump and plunger liners, and pumps for use with 
add liquors or other special purposes. 

Laid. — Occasionally in the ^ape of castings, and frequently- 
as sheet lead for linii^ tanks and other vessels for chemical 
works and other purposes. 

TinUier, — Yellow pine and Honduras mahogany or baywood 
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for patterns ; beech and hornbeam for the cogs of mortice 
wheels and for special purposes — for example, the beetles of 
beetling engines ; oak for the jibs of cranes and for water wheels ; 
pitch pine for certain classes of machines — the fulling or wash- 
mills used in the finishing of high-class cotton and linen fabrics, 
for instance : willow for lining grooved pulleys, and for friction 
straps or breaks; lignum vitse for bearii^; sycamore^ teakr 
and mahc^any for callender rollers, and occasionally other 
timbers. 

OtAer JifateriaU. — ^Tin, leather, indiarubber, asbestos, 
cements, r(^>es, &&, in addition to numerous articles which 
are bought in a finished condition, occur more or less 
frequently. 

The first step in the preparation of an estimate, assuming a 
sufficient plan and specification to be before us, is to calculate 
or " take out," to use the drawii^ ofSce phrase, the weights or 
quantities of the materials that wilt be required 
nf^SntMM ^°^ ^^ proposed work. To enable him to do this, 
the student must be possessed of certain elemen- 
tary knowledge which it does not &11 within our province to 
convey. He must understand arithmetic, including both 
vulgar and decimal fractions ; he must have a sufficient know- 
ledge of mensuration to cna.ble him to calculate the areas of 
triangles, rectangles, simple polygons, circles and common 
segments, and the volumes or cubical contents of the simpler 
solids — prisms, cylinders and spheres. He must understand 
mechanical drawing sufficiently to enable him to "read" 
perfectly any ordinary plan. He must also know, or, what will 
do as well so far as this point is concerned, know where to find 
quickly, the weights per unit volumes or quantities of such 
materials as those we have just mentioned — for example, the 
weight of a cubic inch of cast iron. 

All properiy-equipped engineering offices contain books of 
tables from which these particulars as to weights can be 
obtained, probably the book most frequently consulted being 
"The Pocket Book of Useful Formulie and Memoranda for 
Gvil and Mechanical Engineers" by G, L. Molesworth, or as it 
is briefly and familiarly styled in the drawing office, " Moles- 
worth," This or some similar book is indeed indispensable to 
anyone who has to prepare engineering estimates. The 
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12 ESTIMATES TECHNICALLY CONSIDERED. 

tables which have to be most frequently referred to are the 
following : — 

Areas and Circumferences of Circles. 
Strength and Weight of Materials. 
Weight of Flat Bar Iron. 

„ Round and Square Bar Iron. 
„ „ Ai^le and T Iron. 
,. Sheet Metals. 
„ Plates. 
„ „ Cast-iron Pipes. 
The student should, therefore, familiarise himself with the 
arrangement of the above tables ; and it would be well if he 
would commit to memory at least the following parts: the 
weights per cubic inch of cast iron, wrought iron, steel and" 
brass ; the weights per lineal foot of round bar iron from j^in. 
up to 6in. diameter, and the weights per superficial foot of iron 
a.nd steel plates from ^in. to lin. Id thickness. The weights 
per cubic inch of average qualities of the four metals mentioned 
must, indeed, be firmly fixed in the mind. They are : — 

Cast Iron o-26oIb. 

Wrought Iron 0-280,, 

Steel 0-288,, 

Brass 0-300,, 

One or two simple examples will serve sufficiently well to 
illustrate the nature of the work involved in the taking out of 
■quantities. 

1. Let it be required to find the weight of a cast-iron plate 
2ft. square by liin. thick. The number of cubic inches in such 
■a plate will be 24 x 24 x t *5 (the length, breadth and thick- 
ness of the plate in inches) or 864 cubic inches. This number 
multiplied by 0-26, the weight of one cubic inch of cast iron of 
■average density, will give the weight of the plate in pounds, 
namely, 224-64 — piactically 2 cwt 

2. Let it be required to find the we^ht of a wrought-iron 
bar loft. long and zin. in diameter. The length of this bar in 
inches multiplied by the area of the transverse section in inches 
will give the total number of cubic inches in the bar — 377 — 
with sufficient exactness for our purpose. This . number 
multiplied by 0*28, the weight of a cubic inch of wrouglit iron, 
gives the weight of thie bar in lbs. — 105. In practice this 
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process of calculation would rarelx be gone through. The 
table of " Weights of round bar iron " in " Moleswottii " would 
be referred to, and it would be seen that the weight of a lineal 
foot of 2-in. round bar of iron is io-4glb. ; loft would con- 
sequently be practically lOSlb. as above. Similarly, suppose 
we want the weight of a steel plate (say for a boiler flue) 9ft. 
long by 3ft. wide and ^in. thick. We learn from "Molesworth'" 
— Table of weights of plates — that the weight of a superficial 
foot of ^in. steel plate is zo'Slb. ; and as there are 27 superficial 
feet in the plate supposed, the weight required is simply 27 
multiplied by 20'8, or slightly over gcwL 

3. Suppose we require the weight of a wrought-iron crank, as- 
shown in the annexed illustration. It is obyious that we 
cannot And the weight of this crank 
at one calculation. We must imagine 
the crank to be split up into several 
parts, and must find the we^ht of 1 
each part separately. We may take I 
the crank-shaft end first. Here we 
have a cylinder I2'5in. in diameter 
by 6'$in. long ; but the cylinder is 
not solid ; — it lias a hole through it 
7in. in diameter. Therefore, for the 
number of cubic inches in the cylin- 
drical part of the shaft end of the 
crank we have — ^the area of i2'5 x 
6'5 less the area of 7 x 6*5, equal 
to 547 cubic inches. The crank-pin 
end of the crank must be taken in 
a similar manner. There is now 
the web of the crank to be calculated. The face of this web 
presents an irregular figure having two straight sides not 
parallel and two unequal curved sides. The exact superficies 
of this face can be determined without difficulty by joining the 
corresponding ends of the straight sides by other straight lines, 
finding the superficies of the surface so arranged and then 
deducting the segments of the circles contained within the 
four straight lines. For all practical purposes, however, it will 
be sufficient to consider the face of the web as a rectangle as 
shown by the dotted lines. The cubic inches in the web will 
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14 ESTIMATES TECHNICALLY CONSIDERED. 

therefore equal II X 8 X 4, or 352, Adding all together, we 
have — Shaft end of crank, 547 cubic inches ; pia end of crank, 
217 cubic inches; web, 352 cubic inches ; total 1116 — equal to 
312 lb., or, making an allowance for the fillets at the back of 
the crank, say 3151b. as the weight of the crank when finished 
to the dimensions marked. 

It would be easy, but it is quite unnecessary, to multiply 
examples at this stage. Simple as are the illustrations which 
have just been given, most of the calculations involved in the 
taking out of quantities in mecbaaical engineering may be 
resolved into problems equally simple, The most complicated 
mechanical design admits of being divided, in imagination, into 
a number of simple parts in the same way as we have just 
divided the crank, and the probable total weight of the structure 
estimated in a similar manner. 

It is important to remember, when calculating weights from 

plans or specifications, that the dimensions given are invariably 

iinished dimensions, and therefore the article, if it has to be 

Bongh and " machined " in any way, wall require to be cast or 

Flnl^ed foiged, as the case may be, larger, in order that it 

Sizes. may, when finished, be of the required size. It is 

especially important to remember this when dealing with heavy 

' engine foigings, lai^e iron castings, and all brass or gun-metal 

castings. 

The allowances which have to be made for " machining " vary 
according to the nature of the work, and vary also in different 
establishments ; some firms, by paying special attention to the 
moulding of their castings, or by the use of very accurate tools, 
can work with very small allowances. For turning up rolled 
steel or iron bars into polished shafts an allowance of iV in. full 
in the diameter ought to be sufficient up to 3 in. diameter ; 
larger sizes will require from J to i in. Much larger allowances 
— ^ in. to J iiL — have to be made in the case of hammered bars, 
such bars never being so regular and true as rolled bars ; and 
still more must be allowed on heavy engine foigings and shafts 
with large bosses. An allowance of i inch all over in the 
diameters would not be too much in the case of an ordinary 
engine crank-shaft which is to be turned up to, say, 6 in. 
in diameter in the journals ; and larger allowances would be 
necessary for larger shafts. 
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It need scarcely be mentioned that an engine crank will come 
from the fot^e solid, without any holes for the crank-shaft or 
pin, and that this would also be the case with the ends of a 
connecting-rod. Hence, in calculating the weight of a forging 
of a crank to be finished to the dimensions shown in the pre- 
ceding illustration, we should have to treat the cylindrical ends 
as solid, and make an allowance of f in. in every direction. The 
weight of such a forging would consequently be about 460 lbs. 

It may be mentioned that it is the usual practice for engineers 
when ordering their heavy foldings to give merely the finished 
dimensions, leaving it to the forge people to make the allowances 
they think necessary ; and as forgings are generally sold by 
weight, it is not an unusual thing for a forge manager, in his 
anxiety to allow plenty, to allow rather too much. 

On the flat parts (which have to be machined) of iron castings, 
it will generally be sufficient for the purposes of an estimate to 
make an allowance of ^ in. to ^ in. The latter allowance should 
also be suflicient for most curved surfaces in cast iron, where 
&urly good castings can be depended upon, though more has 
to be made in the case of lai^e pulleys. 

In the course of the examples which will be given further on, 
the reader will have opportunities of noting allowances made tn 
different cases. In addition to the waghts of the various 
metals to be used, it will be necessary, when new patterns have 
to be made, to estimate the quantity of timber that will be 
required. This is expressed in cubic feet when the patterns are 
massive, and in superficial feet of boards of various thickness 
when the patterns are framed. Other quantities have also from 
time to time to be calculated or estimated — the number of bolts 
and nuts, when these are of small sizes ; the weight of jointing 
materials ; the weight of paint when much painting has to be 
done ; and so on. 

In passing, it may be mentioned it is a great advantage to be 
able to make rough calculations mentally of the weights of 
various engineering objects. It is easy to remember that a 
cubic inch of cast iron weighs slightly over J lb. 
atS^ -i lb. and ^ Ih Therrfore, to Sod the weight 
of any number of cubic inches of cast iron, all that 
is necessary is to divide by four and add i lb. for every too 
cubic inches, the total being the weight in pounds. Similarly, 
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a cubic inch of wrought iron weighs ^ lb. and -^ lb. Again, 
the area of a circle is approximately j and ^th of the square 
of the diameter. For example, the square of lo is loo; three 
fourths of lOO is 7$ ; ,',th of 100 is a little over 3, which, added 
to 75. makes 78— a total that is within half-an-inch of the 
exact area of a circle of 10 diameter. An acquaintance witli 
details of this kind will often prove of great use to the student. 

Wc come now to consider brie£y the estimation of workman- 
ship. This is necessarily a much more diHicult matter tlian the 
£gtlmaUon mere calculation of weights — it is largely a matter 

of Work- of experience and judgment Few tasks, indeed, 

'"■"•'■'P' are less matters of rule and calculation, and more 
matters of special knowledge, reasonii^ and judgment, than the 
estimation of workmanship. 

The conditions upon which this question of workmanship 
depends are not only numerous, but are liable to great and not 
infrequent variation. The power and accuracy of the machine 
tools employed ; the quality of the steel used for the cuttii^ 
tools ; the quality of the files used, and the completeness and 
efficiency of other hand tools and appliances which are at 
the command of the workmen ; the facilities provided by means 
of cranes, pulley blocks and other apparatus for the handling of 
material ; the character and amount of the assistance provided 
in the shape of common labour ; the general oi^nisation of the- 
shop ; the intelligence and energy of the foreman ; the character 
of the workmen themselves — all these, and often other elements, 
eater into this question of workmanship and determine the 
amount of time that will be required to perform a specified 
work. 

Hence, the knowledge gained by experience in one place, or 
at one period, requires to be carefully checked when it has to 
be applied in another place, or after any considerable lapse of 
time. Hence, also, all we can do here is to show how the task 
of filling in the workmanship of an estimate may be gone about, 
point out how reason and judgment have to be exercised, and 
indicate some general rules applicable to certain classes of 
work ; leaving it to the student to extend his knowledge by a 
study of the examples which will presently be given, and of 
work that may come under his own observation. 

The classes of ei^neering labour with which we have mostly 



inyGoogIc 



WORKMANSHIP. I7 

to deal are the following : Drat^htsmen and pattern-makers ; 
turners, planers, slotters, drillers, and other machinists ; fitters 
and millwrights ; and smiths. In ordinary millwright and 
similar work it is not considered necessary to set out moulder's 
time in estimates. This is obviously not required when the 
castings are to be bought from outside. In such cases the 
person whose business it is to price the estimate will know how 
much per cwt. he will be charged for any particular class of 
castings by his founders ; and if there is anything special in the 
castings that are contemplated, he will ask the founders for a 
special quotation. 

Neither is the moulder's time set out, as a rule, in establish- 
ments which have a foundry of their own. The work of the 
foundry is of so regular a character, and so much a matter of 
repetition, the labour varies so nearly in each class of castings, 
accordii^ to the weight, that it is a simple matter to fix rates 
which will in each class of castings cover all expenses. Hence 
all the particulars which the person who prices the estimate 
requires, as a rule, are the weight and class of casting. In 
special instances, however, it may be required to set out the 
moulder's time, particularly in the case of large and important 
loam castings of a character new to the establishment. 

It is also generally unnecessary in ordinary smith's work to 
detail the smith's time ; but in any work of a special or excep- 
tional nature the smith's time will have to be estimated. 

Neither is it necessary, except in special cases, to detail the 
amount of common labour likely to be required in any given 
case. The general assistance of labourers throughout the shop 
as also the services of crane-men, engine-drivers, tool-smiths 
carters, storekeepers, foremen and others, will be covered in the 
rates that will be put down in the estimate, or by some per- 
centage or other charge; 

In preparing estimates for boiler work, particularly boiler 
repairs and alterations, it is desirable to set out full particulars 
as to the extent to which certain machine tools, furnaces, &c, 
will be used. A squad of men engaged upon some important 
boiler repairs will, whilst making their preparations in the shop 
use, more or less, according to the nature of the work, a large 
fiimace, one or more smith's fires, a set of rolls, a shearing and 
punching machine, drilling machines and so oa Jobbing boiler 
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work is of so variable a character that it would be almost 
impossible to cover fairly the use of the furnaces, rolls, eta, by 
the rates charged for the men's time ; hence the desirability of 
estimating, more or less in detail, the time these special appli- 
ances will be used in any particular casa 

In estimating the workmanship on any en^neering object 
there is then generally to be considered : the preparation of the 
drawings, the preparation of the patterns in the case of castings, 
the moulder's time or the time of the smith and his strikers or 
hammermen in special cases, the machining of the article, the 
fitter's time finishing in the shop and erecting at the destina- 
tion. 

In ordinary work it is not usual to detail the amount of 
drawing and pattern-making that will be required for each 
individual object ; it is usually sufficient to make a general 
estimate of the drawing and pattern-making required for the 
whole contract and set it out at the end of the estimate. 

Again, an estimate draughtsman, in considering the pattern- 
making likely to be required, always ascertains whether there 
are not in the stores some patterns which, either with or without 
alteration, may be made to fall in for the work required. For 
special fixings, of course, patterns must be made up specially 
and the time for them set out more or less in detail in an 
estimate ; but the ordinary patterns of pulleys pedestals, 
hangers, wall brackets, columns, pipes, etc, which are found in 
the stores of established engineering works, can generally be 
altered within certain limits to suit the requirements of ordinary 
cases. For instance, a column pattern may be lengthened or 
shortened, may have a square base or a round base put upon it. 
may have one or more brackets attached to its side, and so on. 
Hence the pattern-making that will be required in the case of a 
contract can very often be conveniently summed up at the end 
of the estimate thus : — " Alteration of patterns, so much time." 

For machining the plainer kinds of work it is possible to 
indicate some rules of a general character, which may help the 
student and, particularly, surest to him how he may prepare 
rules for his own guidance in any establishment in which he 
may be placed. The time for turning plain flat belt pulleys of 
from 24in. diameter and 6in. face and upwards should not 
exceed one hour and a quarter for every superficial foot of 
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finished surface. Pulleys with rounded feces should be done at 
not more than one hour and a half per superficial foot. Smaller 
^zes will require from one and a half to two and a half hours 
per superficial foot. These allowances will generally cover the 
time of boring the centres ; but there will be to add the slotting 
of the key-beds, and, in the case of split pulleys, the time of a 
fitter splitting and bolting, the latter being one hour's work of a 
fitter for small-sized pulleys up to half-a-day's work for large 
sizes. In the case of large and important pulleys, cast in halves, 
there will also be the planing of the joimts to be included. 

For tumii^ plain rolled shafting bars of moderate diameters, 
half-an-hour per superficial foot of finished surface should be 
sufficient ; and for plain hammered shafts, with solid flange 
couplings, one hour per superficial foot. 

For forged shafts, with bosses, one hour and a half to two 
hours and a half must be allowed. Stationary engine crank- 
shafts, with the usual fly-wheel boss and sunk journals, say of 
9 in. diameter, require about two or two and a quarter hours per 
superficial foot for turning, and a little longer time must be 
allowed for smaller sizes, much of course depending upon the 
style of the foiling itself — that is, whether nicely or roughly 
foiled, with a moderate or with an excessive allowance. 

Plain piston rods, which require to be very highly polished, 
require about three hours per superficial foot for turning. 

As planing machines are not driven so fast as lathes, and are 
not so continuous in their action, work done upon them requires 
more time per superficial foot than work done in lathes. Latge 
key-beds on plain crank-shafts will usually be found to take 
from four and a half hours to six hours per superficial foot, 
including the time occupied in changing the position of the 
shaft on the planer table. A large continuous surface will be 
done in from three to five hours per superficial foot, according 
to the degree of finish which it is desired to give in the 
machine. 

The work done, however, in planing and shapii^ machines is 
50 irregular in character that it is impossible to lay down rules 
of anything like general apphcation. This latter remark 
applies with equal force to almost every kind of fitter's and 
millwright's work. It must also be borne in mind that the rates 
just indicated for turning must be approximate — they will vaty. 
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in difTerent establishments and in the same establishment from 
time to time. 

It is not expected of a draughtsman or other person who is 
preparing an estimate that he should be able, entirely unassisted, 
to determine the workmanship that must probably be ex- 
pended. There are two sources of information to which he can 
most properly apply for information : First, the time records or 
cost accounts of previous work ; and secondly the foremen of 
the different departments 

If we have to estimate the time that will be required to 
perform a certain work and we have at hand a record of the 
time actually expended on some previous occasion on a some- 
what similar piece of work, obviously that record will constitute 
the best guide we can possibly have. We have nothing to do 
but to consider how far, if at all, it is necessary to modify the 
particulars contained in the record. A reference to past 
experience, whenever it can be made, is exceedingly valuable. 
Suppose we are preparing an estimate for a crank-shaft pedestal 
— say of 12 in. diameter. We have not made so large a pedestal 
before, but we have made lO in. pedestals of similar con- 
struction. Clearly it will be a great advantage to have before 
us the particulars of the time actually expended on the lo in. 
pedestals. The lai^r one will certainly take more time — it 
cannot take less — and by a careful comparison of the two 
designs it will be possible to make a very reliable deduction 
from the account of the one what will be required for the 
other. 

When there are no previous records available, the foremen 
should be consulted in all cases of importance — the foremen are 
the men best able in any establishment to estimate workman- 
ship. Indeed, it is hardly possible to consult the foremen too 
much on questions of workmanship. Their interest in the work 
of the establishment will thereby be quickened and their sense 
of respon^bility increased. A foreman who is consulted 
respectii^ the time likely to be requhed for any particular job 
will generally take care that his estimate is, at least, not 
exceeded. 
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CHAPTER llL 

ESTIMATES COMMERCIALLY CONSIDERED. 

The technical part of an estimate being completed — ^the 
weights and quantities calculated, the workmanship estimated 
and the whole set out with the necessary detail and in proper 
order on the estimate sheets, there remains the commercial part 
of the work to be done. 

In performing this, either of two methods may be adopted. 
In the one, the object in view is to ascertain the probable cost 
of the proposed work to the maimfacturing eit^ineer. The 
material, therefore, is rated at the prices which he will actually 
pay for i^ and against the various items of workmanship are set 
the amounts of the wages that will be actually paid. The total 
so obtained will represent the probable cost of the proposed 
work in dhect materials and workmanship. To this total must 
be added a certain percentage — properly a percentage on the 
wages of the skilled labour, as will be explained further on — which 
percentage is intended to cover such a proportion of the 
working expenses of the establishment, including rents, rates, 
gas, common labour, management^ etc., as may be supposed to 
be fairly chaigeable to such a contract as the one in view. 

The total now obtained ivill represent the gross cost of the 
proposed work to the manufacturing engineer, and there 
remains only to add the amount of profit which the engineer 
desires to receive from the contract. 

This is undoubtedly the most perfect method of preparing an 
estimate, whether for small or large contracts ; and possesses 
many recommendations. It enables the engineer to see at a 
glance the lowest sum, with all possible exactness, which h^ can 
accept without loss. An estimate so prepared can be most 
readily compared with the actual cost of the work when 
completed, assuming, of course, that proper cost accounts are kept. 
The other method is, however, easier, and is more genendly 
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adopted. In this method, the materials and workmanship are 
simply priced at certain standard rates, which rates are 
supposed to cover not merely the cost of the materials and 
workmanship, but also the workings expenses of the establish- 
ment and profit. The total so obtained is an estimate of the 
cost of the proposed work, not to the manufacturing engituer, 
but to the intending buyer. It give^at once a selling price for 
the work in view, but furnishes no~ indication as to v4iat the 
work will actually cost to the engineer. 

This method of preparing an estimate is distinctly empirical, 
and has as many disadvantages as the first and more scientific 
method has recommendations. Unless an engineer knows as 
nearly as possible what a contract will actually cost him, it is 
evident that he cannot decide upon the sum he will ask for the 
work with anything tike the confidence he ought to be able to 
feel — he can merely hope that the rates in the estimate a e, on 
the one hand, high enough to cover the cos^ and on the other 
hand not so high as to put his tender out of the runnii^. 

We shall give examples of estimates prepared in accordance 
wi h' the first and more exact method ; but as the second and 
rough and ready plan is so generally adopted, we shall deal 
with it first, and shall endeavour to give the reader a general 
view of the rates charged for the ordinary classes of engineering 
material and workmanship when preparing estimates in ac- 
cordance with this second method. Of course it will be 
understood that these rates vary in difTerfint districts. Indeed, 
in no two establishments, even in thj same district, will they be 
ihe same as a whole, although it is no uncommon thing for the 
manufacturing engineers of a district to agree to a certain 
minimum for certain classes of work. The rates charged will 
also vary from time to time, according to the prices of the raw 
materials and the rates of wages paid to engineering workmen. 

The examples that will be given, are mostly taken from a 
Baals Bates period during which the prices of certain repre- 
— Material, sentative classes of material and labour ruled 
about as follows, namely ; — 

£ I. A 

G.II.B.S<!otdipiEtR>a 140 

UMdleitita'No.3Plgi™i i il o 

OrdiDM? Bucfcod SuflbtdiUra bu* 7 lo o 

"Bati BoM " StaflonUhln boUn platM B s a 

InfM coppM'— food qniUn .. .. .. . .. .. ,. te o 



,3y Google 



IRON CASTINGS. 2$ 

Carriage, which must be added to the above, ran ^bout 6s. 
per ton on Scotch pigs and 14s. per ton on Staffordshire bars 
and plates. The pig irdn actually used in the foundry- in 
question was a somewhat superior Scotch quality, costii^, with 
carriage, usually about £2 16s. per ton during the period 
named. 

LABOUR. 

t a. I. i. 

Pittun nuken 30 o W ]i a 

tioDmonldan ■ j M o „ 38 

Smiltii ,. 30 o ,. 36 a 

ToRMII . . ]0 n 14 

Pitun uid mlUmlgbK .. aJ h 31 o 

Cuural Laboutn 14 o .. ig a 

Par WMk of 94 boon. 

There are three general classes of iron castings — loam 
castings, dry-sand castings, and green-sand castings. The 
latter are moulded from full patterns in the common foundry 
sand in its damp or " green" condition ; dry-sand 
j^^J^J^^ castings are moulded in a similar way usually, but 
in a slightly different kind of sand, and the mould 
is afterwards dried in a stove ; whilst loam castings are built 
up about a mere skeleton pattern, or " swept " up by boards cut 
to such outlines that their revolution about certain centres forms 
the shape of the desired casting. 

What may be called the framework of a loam mould is a 
substantial erection of brick. This brickwork is lined or faced 
with loam, to which the moulder gives the required shape and 
finish with his trowels and other tools, aided by his outline 
boards and by working drawings. The mould is finally dried 
in a stove, or by having coke fires built in or about it. 

The price at which any cast ng will be chaiged to a customer, 
or rated in an estimate, depends upon the amount of labour 
required to mould the casting in proportion to its weight. 
X^am castings are consequently Ute' most expensive pro- 
ductions of the iron foundry. 

A casting will be made in loam, either because it is im- 
possible to mould it in green sand, or because the risk of losing 
the casting would be very great, owing to its size or intricacy ; 
or because, only one or a very limited number of castings being 
required, the expense of making a pattern would greatly out- 
weigh the extra cost as compared with green-sand moulding. 

Consequently loam castings are nearly always of a fecial 
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character, and are rated at special prices, according to the 
labour they require. In the following list of some represen- 
tative loam castings the prices given are those at which the 
castings were charged to buyers or rated in estimates. 



CoTBTfcffdltto" 



HorlioDUl CorllM anilna crUndar, 14 In. x 54 i 

rtlndsr 60 » o . , ifi o 

cjUndai 9 1 D .. iS 

[aitradlllo 17 .• 14 o 

'.'. '.'. '.'. '.'. '.'. '.'.lit '.'. li o 

M criiadar ]6 14 . . u o 

,j., 19 o o .. i4 o 

, cj'Iladar toi4..i4s 

_.» bottom of opil^iluft 44 o .. 15 o 

Yun bailer lo two puts jo d . . i] o 

■I^la bowl, go K 18 Id 30 1 o ■' >> o 

.. „ ilda fnma or GolumD ' .. u ■ 7 ., 14 6 

„ dicnlaiini pump ao 1 14 .. 19 o 

„ alrpamp 13 i .. h a 

btlxepuiu .. ., t o o .. 16 o 

„ cjlliicrar So o o .. 17 o 

Z 1 Md* pIxM 81 o a . . 1] 6 

„ „ pluoa block I] 14 . . 14 o 

" liw"^' ^ *'i"'i " 

Staninbi" ^ 1 !. 1} o 

FrapoUer boB or centi* .. u o o .. it 

The cost of preparing the loam l^oards is not included in 
above rates. The marine castings mentioned were sold to 
another engineering firm, and were subject to a discount of 7^ 
per cent. 

In all properly managed works, a separate cost is kept of eacA 
loam casting, and the prices determined by adding a percentage 
to the gross cost The percentage added is commonly about 
one third. In exceptional cases — for instance, where great risk 
of making a bad castii^ is incurred, the proportion may be 
higher — up to two thirds. Some detailed costs of loam castings 
will be given further on. 

Coming now to green-sand castii^s, we have the following 

SPUR WHEELS FROM ORDINARY PATTERNS. 

Parcwt 
I. d. I. i. 

Walchleadiiindcrrlb. iG o lo iB o 

„ jioiSlb. ij ,, 16 o 



It is a common practice to make a distinction between spur 
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and bevil wheels, and to charge bevils (and also worm wheels), 
Is, to 2s. per cwt. more than spurs ; also to chaise mortise 
wheel castings is. to 2s. per cwt more than plain wheels, 
whether spur or beviL Wheels cast to split are also charged 
extra — generally 2s. per cwt for small wheels, and is. to i*. 6d. 
for lai^ wheels. Thus a split bevil wheel of 3 cwt would be 
rated from 13^, 6d. to ijs. per cwt 

MACHINE UOUIJ)ED SPUR WHEELS. 

t. d. t. d. 

WelihleacbiSIDjStb. 11 to iG o 



„ , » cHi. uid npwuda . , to G „ 13 6 

Bevil and mortise wheels usually 2s per cwt extra. 

Wheels flanged to pitch line, w. 6d, or 2s per cwt. extra. 

Wheels cast to split is. 6d, or 2s. per cwt extra. 

Hence on a bevil mortise there would be an extra chai^ of 
4f. per cwt-~2J. for the bevil and 2s. for the mortise, and so on 
with other variations. In wheels to be split, wrought-iron 
splitting plates are often used, and are charged extra along with 
the bolts at ^\d. to 6(il per lb. 

When two or more castings off the same wheel pattern are 
ordered at the same time a reduction of if. or 2s. in the rate 
per cwt should be made. 

A brief reference to the difference between ordinary and 
machine moulded wheels may, perhaps, be desirable. Formerly 
nearly every toothed wheel used in mechanical engineering was- 
made from a complete pattern, the principal exceptions being 
la^e engine fly-wheels and the gearing of water-wheels, these 
being moulded from lai^e segment patterns, cast in pieces, and 
the segments subsequently bolted together. The cost of making 
a wheel pattern, seeing that every cog had to be cut out of 
wood, was, therefore, very heavy. Now, however, the wheel- 
moulding machine enables us to mould almost any kind and 
size of wheel with a pattern of two teeth only, the entire rim 
being completed by moulding a tooth at a time, the block 
pattern being moved round on a fixed centre by successive 
steps to enable this to be done. The arms of the wheels are 
usually formed by cores made in separate core boxes. 
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The time required to mould a wheel by machine is longer 
than would be required to mould a similar wheel from a full- 
sized pattern, hence the weight per cwt. for a machine-moulded 
wheel is necessarily higher than for a similar common on& 
This extra rate, however, is more than counterbalanced by the 
saving in the cost of pattern-making, whilst the casting is much 
better, as a rule, than any which could be made from a complete 
pattern, especially if the pattern had been used a few times, or 
had been in store for any lengthy period. 

Generally, the rates we are now giving for castin^^s are 
■exclusive of the cost of preparing or altering patterns, though 
they would usually be allowed to cover the mere use of stock 
patterns, but one or two firms who lay themselves out specially 
for making machine-moulded wheels would supply casting's of 
■wheels of any ordinary size or pitch at about the rates named, 
including every expense connected with the preparation of 
patterns. 

BELT PULLEY CASTINGS. 

Generally cw. to ijf. per cwt. The following is a fair scale 
■for ordinary straight or curved arm pulleys of moderate widths 
relatively to the diameters, namely ; — 

Petewl. 
t. a. I. i. 
Waifhl sich nnder I cwt ii 0(014 o 

" ". loowl.toibewl." .'.' !.' B e II la 

Cwt to apUt, II. ed. to «. 6.1. aitra p« ewl. 
Flanged on ous or both Mm, u. 6J. to 3t. fid, ntn per cwt. 

Latter pulleys would usually have the rims swept up in loam, 
and would be rated as loam castings — at from lOr. to 14s, per 
■cwt. 

ROPE PULLEY CASTINGS. 

These generally have the rims swept up in loam : — 



Wd^t «acb nndac 1 1 



FLY-WHEEL CASTINGS. 
V/heels with plain rims, moulded whole, and with the centres 
divided in the sand to allow for contraction : — 
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Geared fly-wheel castings of above weights, from segment 
patterns, is. 6d. to 2i. &l per cwt extra. 

Wheels with plain rims cast in halves or in s^rments for 
planing. 

I. d. I. d. 

W4|btp«TwhMl,3loiaMu « 6(oti 6 

,1 ,',' «i MDa and upward* E G ,■ 9 S 

Rope fiy-wheels in halves or segments : — 

Id. : d. 

W«Igblp«riAMl,3 toiotoDi u Ota 14 o 

K u n toiu ind spwwda lo o „ ta a 

COLUUNS, BEAMS AND GIRDERS. 
Plain heavy columns and beams for buildings, of we^hts say 
from 15 cwt each up to 40 cwt, will range &om 9;. down to 6j'- 
per cwt, according to quantity required. Moderately light 
columns, with brackets cast on to carry pedestals, for weavii^ 
sheds, from 91. down to 6*. 64. per cwt 

CAST-IRON PIPES. 



FUb itralghl-flanged p1p« 7 o to » 

PUb ttral^t-fluiaed bsndi g o » I: 

Stnlghl i^fotud faucel (dpM 5 6« I 

PblB iplgot ud {nDciit beiidi 7 9» ' 



If with single branches about 2s. per cwt extra. 

Many general founders and engineers now buy spigot and 
faucet pipes from Scotch and other houses who make specialties 
of their manufacture, and retail them instead of making such 
pipes themselves. They can be bought for about £^ $s. per ton 
and upwards. The special makers of these common pipes are, 
however, now so well-known that a millowner who required 
any considerable quantity would apply to these special makers. 
Hence general founders and engineers do comparatively little 
now in this class of work, being called upon indeed for little 
more than special or odd lengths. 

Cast-iron hangers, brackets and pedestals, gs. to l^r. per cwt 
according to weight and character. 

Wall boxes, 8j. to 1 2s, per cwt 

ORDINARY LOOM AND OTHER MACHINE CASTINGS. 



J" 7}b. ij olc 

M „ iiilb. a 6 „ 
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WHEEL AND PINION CASTINGS FOR LOOMS. ETC. 



FIRE BARS. 

Common, such as can be moulded on their edges, 5^. 6d. to 
js. per cwt ■,6s.6d. is a common rate. Such bars are usually- 
moulded by apprentices at the rate of four or six in a box at a 
time. Very light bars, and such as require to be moulded on 
their sides, must be chained higher, ys. 6d, to gs. 6d. per cwL 
Side bars and bearers, ys. 6<i to gj. 6i per cwt 

When a tender is given for castings only, from a customer's 
own patterns — say to a millowner, or to an engineer who does 
not make his own castings — it is a common practice to quote 
all-round or overhead prices for the diSerent classes of castings 
(except loam castings). Such all-round rates run from lOf. to 
1 21. for ordinary wheel castingSj and from 8x. to i is. for ordinary 
mill "uses." 

Common wrought bar iron, costing from £6 to £j per ton 

Wroofftat Iron ^^''^^'^ '■*'** *hc yard, will be rated at from gs, 

and to lis. 64. per cwt Good marked bars, costing 

UU SteeL ^^ engineer between £8 and ^'lo per ton, and 
used largely for bolts, small foldings, etc, will be put down at 
from izr. to lis. id, per cwt. Small quantities should be 
chaiged sd. or 2^d. per lb. 

It is to be remembered that in cutting up bar iron there is 
necessarily considerable waste, which cannot be covered except 
l^ charging rates which may appear high relatively to the cost 
of the iron in large quantities. Moreover, it is a distinct con- 
venience to the public he serves for the manufacturing engineer 
to keep in store a reasonable supply of such iron as is in frequent 
demand for numerous purposes, and the manufacturing engineer 
is entitled to be paid for providing this convenience. 

Hammered scrap bars and forgings, costing from;£'ii to^20 
per ton, will be charged from 20s. to 3$s, per cwt. ; and Bowlir^ 
or Low Moor bar iron at 28^. to 38.;. per cwt, or i^d. to 4^. per 
lb. Mild steel, however, as previously mentioned, is now being 
largely used where formerly Bowling, Low Moor, or Famley 
iron was employed ; and as mild steel bars of good quality can 
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be bought at from los. to i6s. per cwt, they would be rated at a 
little over the prices usually chaTged for good marked iron bars, 
or from iSs. to 30s. per cwt, according to weight 

Heavy, plain mild steel crank-shaft forgii^s, which cost from 
zoi. to 28^. per cwt, may be rated at from 32s, to 40s. per cwt., 
and mild steel piston rods at about the same. Generally such 
foi^ngs are rated at from 30 to 70 per cent on the prices which, 
the manufacturing engineer has to pay for them. Several 
detailed examples of jobs involving crank-shafts, etc, will be 
given further on. 

Wrought iron and mild steel in the forms ofplates, angles, etc. 
will be dealt with fully in the section on boiler work. 

The prices at which brass and gun-metal castings are rated 

vary very much, as engineers and brass founders have very 

different ideas as to what may be considered good 

Gnn-Ketal. <iu*liti^ of brass or gus-metal The following 

range of prices, however, will cover the rates 

charged by manufacturing engineers to their clients in most 

districts : — 

Per lb. 
I. d. I. d. 

Good rellDw maul o a la on 

Good eommon bit 
Good bn«h ot -"- 



Pbaptaoi broDiaaiuloChCT spaci*l*UoT«,apM .. - - i o 

In the case of heavy brass castings which are to be bored or 
turned or otherwise machined, an allowance should be made in 
any estimate which is required to be made up carefully, for the 
brass borings or cuttings that will result from the 
^***' machining operation. These cuttings are valuable, 

and will be used ^atn in the brass foundry. They may be 
rated at from 3*4 to $d. per lb., according to the quality of the 
metal used. The borings or tumii^s that result from the 
machining of iron or steel, whilst worth collecting — as they can 
be sold at from los. to 301. per ton for use by chemical manu- 
facturers, wrought-iron makers, and others — are not sufficiently 
valuable to be taken into account in an estimate. 

A manufacturing engineer is often required by the terms of a 
specification to take old material about to be replaced by new 
in part payment for the new work. Apart from estimates, 
engineers — especially if they have their own iron or brass foun- 
dries — are expected by their regular customers to take old 
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material in part payment of the ordinaiy accounts. The rates 
at which old material may be credited in an estimate or in an 
account under such circumstances, may be taken at about the 
following — viz. : 



Good basTT cut Iraa (mltl fiilngi, M&) , 

GoodbeavT i 
Good light « 



Good liKhi ei , 

Good be»vj vrouEht inn (■baftfng, bcJt), ate) . , 
^ — J i:_i.. ._(.. f^-jj (ihaot iron, McJ . , 



Good bub meMl o S lo o ff 

Comnuuibni* a si,, o tt 

Engineers who have their own foundries are often glad to 
take scrap iron from old mills in exchange for goods, as the iron 
from old establishments is usually of very good quality. 

Pine timber used for patterns will be rated at from 5(£ to ^d. 
per superficial foot per inch in thickness. Seasoned hornbeam 
and beech, which are largely used for cc^ging wheels, are usually 
rated from 6d.to^ per superficial foot for every 
inch in thickness. They cost in the plank from 
2d. to 3<£ per inch, green, but have to be seasoned for a long 
time, and there is frequently considerable waste; 

In addition to the three great classes of materials— cast iron, 

wrought iron and mild steel, and brass in its various forms — 

which have been passed rapidly under review, there are numer- 

ous "sundries" which more or less frequently 

present themselves in estimates of proposed work 

and in accounts for work completed. 

Some of these sundries are, in a greater or less degree^ 
specialties, and are bought in a finished condition from their 
manufacturers. To this class belong steam and vacuum 
gauges, sight-feed lubricators, steam traps, reducing valves, brass 
valves and taps generally, centrifugal and other special pump^ 
fans and blowers, injectors, etc. 

The prices at which such articles can be rated are in most 
cases 6xed by the list prices of the manufacturers, the latter 
allowing the engineer who has to include the articles in his 
tender or account a trade commission, which varies from 5 or 10 
to 50 per cent off the list prices. This trade commission will 
usually be as much profit as the ei^ineer desires, or at any rate 
as much as he is able to make on the mere retailing of the 
article hence the prices put down in estimates and accounts for 
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these special sundries are generally the list prices of the manu- 
facturer. 

In large engineering works, one or more brass finishers are 
sometimes kept, and the brass valves and taps largely made 00 
the premises ; but even in such cases, the prices fixed for the 
articles will usually be about the same as the list prices of the 
r^ular brass goods manufacturers. 

In their proper place we shall give some examples of the cost 
of brass and other valves. 

In addition to such special sundries as those just mentioned^ 
there are many common sundries which the manufacturing- 
engineer buys practically ready for use. The following is a list 
of some of those which most frequently occur, with the rates at 
which they may be usually charged in the small or odd quanti- 
ties in which they generally present themselves. 

Bolts and Nuts, black, ordinary lengths, square heads, hexa- 
gon nuts, handmade. 

Size i I 1 t I 3 inch. 

Chaise ... 2id, 3d. 3^d. ^d. $d. 6d. each. 
If in sufficient quantities to be charged by weight, then about 

&/., fd, 6d., 5^, 5^., 4/£ per lb. 
For special bolts made in the engineer's own place, the 
following is a fair scale for sizes from ^ in. to i^ in. diameter : — 
Weight per bolt and nut 

Under alb ^d. per lb. 

2lb. to7lb 4^0. ,. 

71b, to 141b 4^. „ 

I4lb. to281b 34*/. „ 

281b. and upwards 3irf. to 2^d. 

Common Set Screws. — About the same as bolts and nuts; and 
common Coach Screws about a fourth less than the prices given 
in the first table above for bolts. 

FiUs. — Charge odd files at maker's list prices ; if supplied in 
considerable numbers then at, say, a Afth under the list The 
list prices are subject to a discount of 50 or 60 per cent. tO' 
engineers. 

Wrought-iron St€am and Water Pipes and Fittings. — Chaige 
cut lengths of tubes and single bends and other fittit^ at the 
tube-maker's list prices. For uncut — that is, complete length» 
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of tubes — and for fittings in any considerable quantity, a 
reduction of about a third should be made from the list rates. 
The list prices are subject to a considerable discount to 
engineers — about JO per cent. 

Sheet Indiarubber. — Chai^ generally at maker's list prices. 
These prices vary from 2s. 6d, to &r. per lb., accordii^ to quality 
and thickness, the thinnest beii^ the dearest per lb. in every 
quality. The maker's prices are subject to a discount of 33J 
per cent, to engineers. Small odd pieces of grey rubber of 
fair quality, say about 41. 6<3^ list price, should not be rated at 
less than 4^ per oz., as the cutting gives rise to considerable 
waste. 

Indiarubber Valves, costing from 3J. 6d. to $s. 6d. in the grey 
<iuality, and up to Js. gd. in the red quality, less the discount, 
should be rated at the full prices. 

Asbestos Sheet, costing is. 6d, to 2s. per lb., charge at zs. to 
is.6d. 

Asbestos Cement, costing is. 6d. or is. gd, per lb., charge at 
3s. to 2s. gd. 

Vulcan Cement, costing 15^. per cwt, charge at 2^4. or 3./. 
per lb. 

Red Lead Cement, chat^e about ^d. per lb. 

White Lead, chaise about ^d. per lb. 

Iron Bering, sifted for jointing purposes, chaise 6s. or is. 
per cwt 

Sat Ammoniac, charge is. per lb. 

Brass Gauge, for jointii^ purposes, costing say ^d. per 
superficial foot, charge if. or is, 2d. per foot. 

Lead, sheet, charge 3d. per lb. ; wire Sd. to IJ'. per lb. 

Rofie Yam, hemp, chaise about lod., and flax (costing is. 2d. 
per lb.), chai|re is. gd. or zs. Flax Gaskets, charge usually 
about 2S. 6d. per lb. 

Tuck^s Packing, costing say is. 8d. net, chai^ about 2s. 6d. 
per lb. 

Sheet Tin, generally about 6d. per sheet 

Emery Cloth, id. per sheet 

Taihw, when costing about 30J. per cwt, charge 6rf. per lb. 

Cannes, chaise jd. or 8</. per lb. 

Red Oxide Paint, costing about i%s. per cwt, chai^re 4^ or 
%d. per lb. 
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Raw Oil, Boiled Oil and Turpentitu, cost[ng from 2S. to zs. 6d. 
per gallon, charge 6d. or Zd. per pint 

Grinding Sand, costing w. per stone (14 lb.), chaise 3*^ or 
^d. per lb. 
Pump Leathers, for hydraulic press pumps, charge — 
j I li 2 inches, 

{h/. IS. IS. &d. as. each. 

J^eck Leathers, for hydraulic press cylinders, charge about — 
4 5 6 8 10 12 16 inches. 

6j. 7j. td. gj. MS. 12s. 6d. isj. 17s. 6d. 
Tbe measurements given are the inner diameters of the leathers, 
corresponding to the diameters of the press rams. 

Hydraulic Tubing, iron, costing £,\d. to 91/. per lineal foot 
net, charge \od. to u. %d. per foot 

Copper Hydraulic Tubing, costing \\d. or u. per lb., cfaaige 
\s. 6d, or 2s, for short lengths. Hydraulic couplings, costing 
$d. each, chaige gd. or lod. 

Piston Springs are mostly bought by engineers from one or 
other of the few firms who make specialties of their manufac- 
ture. Good steel coil springs can be bought at the following 
lates: — 

Under 24 inches diameter 3^. 6d. per inch. 

24 in. to 40 in. „ 4r. „ 

40 „ 50 „ „ ... ... 4^. 6</. 

less a discount of about 35 per cent It will be sufficient to 
rate such springs at the full Ust prices ; the discount allows a 
sufficient matgin for profit 

Other specialties and sundries will from time to time present 

themselves, the prices of which will have to be determined as 

they arise. The expression, " list prices," has more t^n once 

been used. It should be one of the first objects of anyone 

entrusted with the pricing of estimates or accounts to make a 

collection of price lists of such articles as files, tubes, indiarubber, 

etc., and put them into convenient form for ready reference. 

The rates put down for workmanship in estimates prepared 

on the system we have now in view (that is, in 

mu^D ^''™st«s priced at profit rates), vary principally 

according to the indirect expenditure necessary to 

enable thje different classes of workmen to perform, their wprk. 
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This indirect expenditure as will be more fully explained 
presently, is, relatively to the actual wages paid, low in tie case 
of draughtsmen, rather more in the case of pattern-makers, 
higher still for fitters and millwrights, and highest of all in the 
case of smiths and machinists. Hence the time of a drat^ts- 
man, earning say lod, per hour, would probably not be rated at 
more than is. (td., whereas the time of a turner, earning say y\d. 
per hour, would be rated at from is. 6J. up to 3^. per hour. 

The following list of profit rates for workmanship will cover 
all the classes of labour which appear in estimates, accept in 
exceptional cases : — 

DraugktspuH, is. bd.\ois.6d. per hour, includii^ all materials 
' used by draughtsmen, 

Pattern-Makers, lod. to is. 4d per hour, including the use of 
hand-tools, circular or band saws, small planing machines, and 
other appliances of the pattern shop, and also the general assist- 
ance of the pattern-makers' labourers. 

Fitters and Millwrights working in the shop. I0i£ to ix. ^d, 
per hour, including the use of iiles and other hand-tools, the 
general appliances of the shop, and the general assistance of the 
fiLting shop labourers. Fitters and millwrights working outside 
the shop are usually rated about lod. per hour, including the use 
of hand-tools. Files, however, when taken new out of store for 
outside work, should be chained to the customer when the work 
is not done under contract ; though it is not usual to have any 
special entry in an estimate for files. Leading hands working 
outside, and acting more or less in the capadty of foremen, will 
be rated at from is. to is. 6d. per hour. 

It is necessary to bear in mind that workmen, when working 
outside the shop, are invariably paid a certain sum, called 
generally "allowance" or "diet money," in addition to their 
wages ; and this sum must, of course, be charged to a customer 
or covered in an estimate. The sum actually paid for "allow- 
ance" without any addition is the amount usually charged — 
profit is not sought on the workmen's allowance. It is usual 
for all the principal employers of a district to agree to a certain 
definite scale of rates for allowance to be paid to the men when 
working outside the shop. The allowance is generally at the 
rate of iJ'. to is. 6d per working day, when engaged within a 
certain limited distance from the works, and is. 6d.to2s. when 
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WORKMANSHIP. 35 

beyond that distance, with an addition at the rate of one 
penny per hour for all overtime. 

It is also necessary to remember, when any work to be done 
oi^de the usual working hours is to be included in an estimate, 
that one hour of overtime is reckoned in the men's wages as an 
hour and a quarter or an hour and a half of common time ; 
and that work done on Sunday, Christmas day, and Good 

Friday is paid for at double the ordinary day rates, 

or counted as double time. 

■ MiHininwh ^ ^ |„|j ]tan, s. to 31. &I. par hour. 

Flmm— At mall machliWi, u, 6d. to n. par hour. 

„ At largs maehioai, u, lid. to 11. par hour. 
SMttn—M nuall machlnaa, u. jiL to u. Si. p*r hour. 

„ At laiia macbliMS, u. »it 10 B. M. par hoar. 
MiiUiit and Skmpnir Maekiiu Jf«— Sama aa ilolMn. 
DtOtm—Ak tain macblnat, u. nl. to u. M. par hoar. 

„ At laq|s machlDei, u. gi. to v; jd. par ham. 
Senmt r t Ahottt nine u DtUtera. 
arimdtit—a, fiA ta w. jiL par hour. 

The above rates for machinists will include the general assist- 
ance of shop labour, preparation of ordinary tools, etc ; but 
where, as is sometimes necessary, a special labourer is attached 
to a machine, the rate will have to be increased by from 5^. to jd. 
per hour. In rating machinists and machine tools, regard must 
be paid to the nature of the work itself, as well as to the 
machine in which the work is to be done. It may sometimes 
happen that a small and unimportant piece of work will be 
done in a large machine, but it would scarcely be judicious in 
such a case to dia^e the large machine rate. On the other 
hand, a heavy piece of work may at times, by means of special 
ojntrivances, and by the exercise of extra car^ be done in a 
small machine ; and in such a case, the work may be fairly 
chai^red at the rate of a large machine. Again, it is a common 
thing for a slotter, a planer, or a screwer, to look after two 
machines of different sizes. Hence, in one job, such a workman's 
time may be rated low, but in another case the same man may 
be rated high. 

Steam Ei^;ina. — A contract occasionally includes machine 
work which must be done at night or outside the usual working 
hours ; whilst accounts for breakdown affairs very frequently 
include machine work done at night. A chai^ must in sudi 
cases be made for the engine running specially for the work in 
question. The charge may vary from 3^. 6d. to 6s. 6d. per 
hour, a fair average being 5^. per hour for a short period, and 
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4s. for a lengthy period, including the attendance of the engine 
driver. 

Cylinder Re-horing. — Tenders have not infrequently to be 
g^ven for re-boring engine cylinders in their places. This work 
usually necessitates a good turner leaving his lathe idle in the 
shop whilst he re-bores the cylinder, and involves the use of 
borii^ bars and tackle which, having regard to the fact that 
they are only occasionally employed, are costly appliances. The 
rates for such work consequently range high — from /j. 6d. to 
20S, per hour, according to the size of the cylinder that is to be 
re-bored. In the case of a cylinder, say, 36 or 40 inches 
diameter, the rate should be from lor. to 15^. per hour. These 
rates are, of course, only charged for the time of the turner 
out at the place ; but, in addition, the cost of making any 
special preparation in the shop must be covered. 

Smiths. — Smith and one striker or hammerman and fire, 2s. 
to 2s. 6d. per hour. A smith and two strikers and fire, 3^. to 4?. 
per hour. These rates will usually be held to cover the use of a 
general steam hammer — that is, of a hammer used perhaps by 
two or three smiths. It is, however, necessary occasionally to 
chaise specially for the use of a steam hammer ; the rate in 
such cases may be from 3;. to 51. per hour, including the 
hammerman or boy. 

Labourers. — Labourers, who are paid wages varying from 13J, 
to igs. per week may usually be rated at from ^\d. to yd. per 
hour. As previously mentioned, however, the rates for skilled 
labour, which have already been given, will in most establish- 
ments cover the assistance of the general shop labourers. Hence 
common labourers' time will rarely appear in an estimate to be 
priced at these profit rates — only indeed when some common 
labour will be specially employed. 

Rates for boilermakers and their tools will be given in the 
section on boiler making. 

In addition to material and workmanship in the shop, 
estimates have generally to include the cost of delivering the 
material at the site where it is to be erected, or at some con- 

ff^^fM venient railway station or port, and very frequently 

Ereetlon, && *'*° ^^^ ™s*^ °f erection. Where the site is local, 

there is nothing more than the cartage and the 

men's time and allowance whilst erecting, to be considered ; but 
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when the site is at a distance, the railway canity or freight 
must be covered, also the travelling time and expenses of the 
workmen who will be sent to ereciv and probably the time and 
expenses of a draughtsman or foreman going to take working 
dimensions, or to superintend the erection, or both. It is usual 
to put down for carriage and expenses merely the sums that 
will actually be paid. 

It may be added that, as a rule, engineers do not provide the 
common labour required whilst any work is being erected, but 
merely the skilled labour— common labour and the necessary 
scaffolding being provided by the person for whom the work is 
being done. In the case of work for public companies, however, 
common labour, scaffoldii^ and every other appliance have 
often to be provided by the engineer. 

In estimates for work that is likely to be exceptionally difli- 
tnilt, or in connection with which there will be unusual risks, it 
is customary to add something to the total amount of the 
ordinary elements of the estimate, on account of these contin- 
gencies. This, however, must always be done with discretion, 
as such addition may easily overweight a tender. 

We have now reviewed those classes of material and labour 
with which we have most frequently to deal in the preparation 
of estimates. 

The most natural avenue by which a young engineer may 
pass from the strictly practical work of the shops to take a part 
in the commercial management of an establishment lies through 
the estimate office or department ; and we have therefore en- 
deavoured to give, as shortly as possible, a general introduction 
to the whole work of estimating. We shall now give one 
or two examples of estimates prepared on the profit-priced 
system, in order to illustrate the form in which such estimates 
may be most conveniently set out. 
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CHAPTER IV. 

GENERAL EXAMPLES. 

TilE most convenient size of paper on which to set out the 
particulars of an estimate is foolscap, ruled with weight, rate and 
money columns, as shown below. 

ExAHFU No, I. — Inquibv r Frlca for ii caat-iioo colimuia, letigth gft, dia- 
meter at bottom 74q., tapering to 6iii, at the top, nith square basts and with 
heads prepared for wooaen beams, and fitted nith leaf ornaments. Metal to 
aveiage f m. in thickness, all as par tracing, etc 

Tender for cast-iron columns for A.B. as per inqnir? dated , to be 

delivered at ; — 



XMm. 


Cut<«s,iM>er(oo 


««. qr. lb. 

Ml 


V% 


I le o 




igq o 



ExAUPLK No, 3. — iHguiKV ; Price for pedestal, 5} in. bore by 7} in. long, with 
extra-loDs sal& 

Tender for ji in. bf 7} in, pedeotal, vitb double brasses for C. D. : — 
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EXAMn.s No. 3.— iNQDiitY : Price for light ahaftliig, with baogan, pedeitals, 
pnllqn, etc., as per spedfication. 

Teoder fat ahaftfng, etc.. Cor : — 



nit. ifbLpUn »h»fllngi tnntad udpalUlu 
fioUadweicht 

* CHl-Ina SuBd conidiiui, bond, ba 
ilatted ud diiOsd, ale, Ab&ib] wd^t 



D flniihad boH* and DDB for do. . 



1 pUlu bnckau with cipa and aSaila bnatsi, 

1 pedalola wilh alBila braaiaa 

Scut-iroo pntlen i6Ia. dlamatac bj ijin. 
wide, hmd, toiaad aad alotMd 

> haja. groimd 

AhnliOD of patMni, I 0*7 

Karlu oonpluigi on aliiAi, I daj 

gnota £ jfi, !■■■ it per coUq daUTcnd 
(locairiaadr fcr aracdon. 



Example No. 4. — IiiQniar .• Kic« (or pair of mitre wheel*, with 41 and 41 
cogs,3iiii.[ntchand5liii. face. 

Tender for mitre wheela, iritfa etc for: — 



icaatinn mitra whae1,4abTatbT Jt! > cu 
inn mitn whsd, 41 tO' 4 b; Jt itrom b 
(lock pUlarna) 

Borlnl *i-whBel " 
Slottiiw I kar i 
wllSt*da7.. 

Quote £4 at. nc 



I0f»oga,*diy .. .'. 

nd in 4*irhad and 4 In 41 



:>: 



Quote £4 iBt. net. 4 iS o 

EzAiiPU No. 5. — Ittgmay : Price tot two caat-iron belt pulleys, each 36111. 
tliam'<iT by 7 in. wide, and with a flange at one aida ; both split and bolted. 
Tender for single flanged pnlloTS, 36 in, by 7 in,, tor : — 



a CMMtiieD poIIeTt, jG in. by 7 lii« 1 
each with ■ liage at one aida .. 
TdidIbi and borin| dlito, if daja 
Splitting and baldoK, I daT 

Stock pattani, I dar 



diameter, with 3 grooves for s-in, ropes, all split, bolted, bored to gauges, and 
tnmed in grooves. 

Tender : Poor cast-iron rope pulleys for : — 

4 caat^lmn ropa pallera, a 

(rooTMi caat to apUl 
ifl i)-ln. bula and nitta 
Tttfidncand boring 10 di 
SpHOioB, botUni and bali___ 
Pcepaiini patlanM, it ^J* 

Eadmatad Aniahad wal|ht „ 
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I Cut4roD bloclm ud cui 



ifln.bTiIn. .- 

8 cap bela, nnu, (naidi, ud wt *craw>— bolti 
iTiD.britln. 

~ ■ ■' ' . ud •redgsi, 



TTD.billlq. . 

inlaguockt wid a 



^^ . ip^aodiji.. 

DriUiaf oU boi^i^d*r^ " ^! 

Tunliif bola and nnM, t i»jt 

AlMntloB of Mook pattolm. 4 da^ 



ExAMFLB No. 8.— iMgotBY : Price ol new piston rod and cost of fittiog si 
to old piston and repladiig latter. 

Tender for piston-rod for ; — 



I mUd itMl pittoa tod *b«il 7-iid. long, to 
Bnlih ]t in. dtimHsr, with t>p«I bou to fit 
pluoa— Kicgsd >r«ighi 

s *ma^-lron coden 

Toninf aDd Bnlihlsg rod, i) dt]>i . . 

DrUUMcootlu bolMinpIilciD rod, iday 

Boriu and lnmini old fland btuta asd pack 

old cmuoada s dan 
ntur* laUiic ud rod oM of ; 
rod in plMon and entthaai! 




The examples just given will serve for the purpose imme- 
diately in view. Most of these examples will suffidently explain 
themselves, but it may be well to refer particularly to one or 
two points. In example No. 3, it will be observed that the 
workmanship is not given in detail, but that the articles are 
priced atcertiUtt finished rates — the weights given being finished 
weights. This is a very convenient method of preparing esti- 
mates of this character for regular classes of work. 

In most establishments standard rates per pound, per foot or 
per article, for such work as that indicated in this example, are 
on record, and can be used in pricing such estimates, thus 
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saving time both- in the drawing and general offices. It is, 
however, of the utmost importance that these standard rates 
should be careTully checked from actual costs, from time to 
time. It may also be added that the work in this example, 
being of a light character, is such as could be easily done by 
small engineering shops ; and many such- establishments, buying 
cheaply and working cheaply, would quote for such a contract 
from 10 to 20 per cent, less than the amount given. 

Referring lo example No. 6, firms accustomed to the manu- 
facture of rope pulleys would not, except in very special cases, 
go throu^ the detailed process of estimating as shown in this 
example, but would merely calculate the finished weight of the 
pulleys, and price it at their standard rate percwt. for this 
size and kind of pulley. A table of weights and prices for rope 
pulleys will shortly be given. 

It will be noticed that the pulleys are described as " cast to 
split" A firm, however, wi^ng to make a very fine job of 
such pulleys would cast each half separately, plane the joints 
where the two halves go tc^ether, drill the bolt holes and turn 
the bolts so as to exactly ht the holes. This would add from 
25s. to 3af. each to the price of the pulleys, though firms who 
lay themselves out specially for the manufacture of rope pulleys 
would make those named in this example somewhat cheaper in 
either case. The size of the rope — that is 5 in. — is, of course^ 
the girth or circumference of the rope, and not the diameter. 

Example No. 8, it will be seen, is an estimate partly for new 
work and partly for repairs. The practice of asking quotations 
for repairs has greatly increased of late years. The case illus- 
trated in this example is not much out of the way, but some- 
times very unreasonable requests for repair quotations are made 
1^ millowners and others to engineers. 

Nearly all estimates are more or less problematical, but an 
estimate for repairs must necessarily be particularly so ; hence 
engineers endeavour to avoid as far as they can giving tenders 
for repair work. Even in such a comparatively simple case as 
that of this example, it was quite likely that, owing to some 
circumstance which could not possibly be recognised at the 
time the estimate was made, more time would be occupied in 
connection with the engine (a beam engine) than the amount 
put down. Consequently, as will be noted, a sum, small in 
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&ct, but lai^ relatively to the whole work, was put down to 
cover any cootingeBcy of such a character. 
' Difficulties in connection with quotations for repairs and 
renewals can sometimes be very conveniently ^t over by 
ondertaklng that the work shall not exceed a certain sum, and 
that if the cost comes out less the advantage shall be given to 
the person for whom the work is to be done. Such an arrange- 
ment fairly entered into gives alt that a miUowner or other 
proprietor can reasonably expec^ whilst it keeps the engineer 
reasonably safe. 

It may be useful in, concluding this portion of our task, to 
illustrate bow a tender for such work as example No. 9 may be 
written out The tender would usually run : — 

" Messrs, ' . G«iiUemeii, — We propoM to mpplj 7011 with one new 

mild steel j^stoa rod, tnnwd and finisbed all over, to mit yonr piston ; talce old 
rod out of [ttslon, fit new ooe to piston and old croeshead with new cotters to be 
provided bj ns ; also to rebore present gland and neck boshes of cylinder cover, 
and lebore and face up old cxosshcad to receive new rod ; also to send an 
■engineer oat to your place to take oat piston and cover ready to be brought to 
■onr shop, and to replace all ready for work for the sum of £15 o o (fifteen 
pounds] net ; all carting to be done by yon, and all the neceasaiy ai 
labourers and scaflblding at your place to be provided by you. 

" We shall esteem yoar order and remain, 

" Voors tmly, 
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CHAPTER V. 

INDIRECT EXPENSES. 

Before passing on to deal with estimates of the -piobable cost 
of work to the manufacturing engineer, and also with the actual 
cost of work completed, it is necessaty to explain the meaning 
and import of the phrase " Indirect Expenses," which will fre- 
quently occur. The preparation of estimates and the recording 
or charging up of actual costs are, of course, two distinct and 
independent operations ; but it is impossible to deal with the 
former without also, more or less, dealing with the latter. The 
costs of an establishment ought at once to check the estimates 
of the past and form a guide to the preparation of those in the 
present and future. 

The cost of any article may be considered, for oar purpose, as 

made up of three elements — ^the cost of the materials contained 

in it, the cost of labour directly expended on i^ and the general 

expenses of the establishment. The latter element 

*^CmL ** comprises rent, rates, insurance, interest, depreda- 
tion and maintenance, managers' salaries, office 
expenses, the wages of firemen, eng^nemen, and common 
labourers employed generally about the place, cartage, coal, 
water, gas, oil, and the thousand and one sundries which are 
required to keep an engineering establishment in motion. The 
presence of the first two elements in any piece of machinery is, 
of course, obvious. The presence of the third may not appear 
so obvious, and would seem sometimes to be overlooked or very 
much underrated, but it is just as real. 

Before any piece of machinery can be produced, there must 
have been a previous expenditure or liability incurred, on ac- 
count of rent, motive power, tools, and so on. No one would 
think of presenting an annual balance-sheet without including 
the rent, rates, and other chaises of a like nature. But an 
annual balance-shee^ so far as the expenditure is concemec], 
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and taking stock into account, is neither more nor less than a. 
statement of the cost of all the work produced during the year; 
and as the whole is the sum of all its parts, it follows that every 
article produced during the year, down to the smallest screw, 
has bad to bear a share of the general expenses of the establish* 
ment. Hence it is desirable that every estimate of probable, 
or statement of actual, cost, should contain as a distinct item 
this element of general or indirect expense ; and not only be- 
cause an estimate of cost cannot otherwise be considered com- 
plete, but because when so prepared, the actual profit that may 
be expected, or that has been earned, or the loss that has been 
incurred, may be seen at a glance, which cannot be done either 
when this element is omitted, or when the estimate is made up 
at rates intended to cover profit as well as indirect expenses. 

The question now presents itself — How is the proper amount 

of this element of indirect expenses, with reference to any 

particular piece of work, to be ascertained i It will be obvious 

DeteFmlnlng ^^' *b>s element can only be included in a cost or 

Indlreet estimate by a method of average or percent!^. 

^'P**'***- To ascertain the proportion, all the items con- 
stituting the general expenses of an establishment — that is tO' 
say, every item of expenditure which has not been charged 
directly against some particular job for a buyer or for stock — 
for a given period, generally a year, must be collected together 
and the sum total ascertained. This sum will constitute a 
certain proportion to the remainder of the expenditure. To- 
take an illustration — the total expenditure, excluding expendi< 
ture on new tools, &c., chai^^ed to capital account; in a certain 
period, of a general engineering establishment having its own 
iron and brass foundries and smiths' shops, &c, amounted to a 
little over jf 30,000, made up as follows : — ■ 

Hilsriil charnd diraci u the jobi completad doling tha parEod or la prognu £ 

■tUMUd g.iWo 

Wt(BdilM -■ ■■ ■ iijBi 

Otbw aipsadlnn — Rent, ntet, iDnnne*, lolorai, coil, offlca tipaiun, 

m>ai<an' uUriM, npUn &C. 9.iJ» 

£ysn 

Here it will be seen that the general expenses constituted 30 
per cent of the total expenditure. But another question now 
arises — Whether should the percentage for indirect expenses- 
be determined with reference to the material alone, the direct 
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wages alone, or both combined ? This is to a certain extent a 
matter of indifference, and must be determined by the nature 
of the business ; but for a general engineering establishment. 
the safest and most accurate method is to determine the 
proportion with reference to the direct wages alone, with certain 
exceptions to be shortly mentioned, and that for the following 
reasons : — The cost of the material of engineering productions 
— iron, copper, &c. — is liable to greater and more frequent 
fluctuations than the cost of labour, and these fluctuations may 
and do occur without affecting to any serious extent the general 
workii^ expenses of an establishment — the only item liable to 
be much affected being that of interest on capital. The 
quantity and value of the material used for different jobs vary 
immensely ; but it is clear that an article requiring little 
material but a lat|;e amount of skilled labour will cost more for 
indirect expenses than one containing much material but little 
labour, Albi^ther it will be found that the indirect expenses 
of an establishment will maintain a mwe constant relation to 
the skilled labour employed than to the material contained in 
the articles manufactured. Of course, certain items of the 
indirect expenses, such as rent, rates, and insurance, vary little 
from year to year ; but the amount of gas, oil, cleaning waste, 
tool steel, files, &c., consumed will vary with the number of 
skilled workmen employed ; as will also the amount of wages 
paid for common labour engaged to give assistance throughout 
the works generally. Lastly, it is the skilled labour which 
earns the profit, and, therefore, the skilled labour would appear 
to be the most natural basis upon which to calculate the 
indirect expanses. 

In the illustration just given, it will be seen that the pro- 
portion of indirect expenses to direct wages was practically 80 
per cent. It is not, however, sufficient to determine the 
proportion merely in the gross ; the proportion 
^XMrnwa!** ™"^' ^ determined for each separate department. 
An enquiry for price, or an order, may be merely 
for castings from the customers' own patterns ; it is therefore 
necessary to know the indirect expenses of the foundry. The 
enquiry may be for castings to sketches, and patterns will 
have to be made ; it is therefore necessaty to know the indirect 
expenses of the pattern shop. Again, a piece of work jmay 
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require the services of every department, but each in a difTerent 
d^ree. In order to ascertain the proportions for each 
department, the general or indirect workii^ expenses have to 
be analysed and classed under two groups — those which are 
special to each department and those which are common to all. 
The latter will at once .suggest themselves. They consist 
chiefly of managers' salaries, office expenses, rent, rates, 
insurance, interest, gas, &c. In cases where a department is 
located in a separate building, the rent, rates, insurance and 
some other items on account of that building, can of course be 
chained direct to that department; but otherwise every 
desirable object is secured by simply distributing these 
common expenses over the various departments in proportion 
to the wages paid in each. It is sometimes contended that 
the two classes of indirect expenses should be shown separately 
in an estimate or a statement of cost ; that there should first be 
set out the sptcial departmental expenses and then a separate 
percentage to cover the ^neral indirect expenses. This, how- 
ever, means unnecessary trouble and complication. Every 
useful purpose is gained if the total departmental expenses, in 
any case, are determined by adding to the special indirect 
expenses, a proportion of the general expenses ascertained in 
the manner we have indicated. The indirect expenses special 
to each department may be briefly considered. 

The indirect worldly expenses special to the dramng office 
are comparatively small, and consist chiefly of drawing 
materials and stationery, and of a not inconsiderable portion of 
the wages of apprentices (^ere these are paid) 
"S^?* and tracers. Of course in the drawing office, as in 
every other department, every hour of time which 
can be so charged ought to be charged against the jobs in hand, 
and the major portion of the wages of the drawing office 
^11 be disposed of in this way. But after all has been done, 
there will generally remain a considerable portion of the wages 
of juniors, and possibly, also, of the head draughtsman, which 
must be included in the indirect expenses of the department. 
The indirect expenses special to Uiis depart- 
gw- ment consist principally of timber, nails, glue, sand- 
paper, repairs and renewals of machine saws and 
other machine tools, repairs of building and flttings, the wages 
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of foremen, and of one or two labourers employed to "fetch 
and carry" generally. Sometimes the attempt is made to 
charge direct the timber used for each job. This may be 
done in special cases and where a good system of store-keep- 
ing exists ; but, as a rule, the attempt involves more trouble 
than the results are worth, whilst every practical purpose is. 
attained by treatii^ the timber as one item of the departmental ■ 
indirect expenses. In some works the drawing office and 
pattern shop are treated as one department ; and, indeed, it is- 
quite sufficient to treat them so, except in very laige establtsh- 



The foundries constitute the obvious exception to the rule 

that expenses should be calculated on direct wages. It is still 

true in the foundries, as elsewhere, that it is the skilled labour 

which earns the pro5t, but the manufacturing pro- 

Pom^ cesses in the foundries are extremely simple whei» 
compared with those in other departments. The 
iron foundry, for example, turns out only one class of article — 
iron castings. It costs just the same to melt a ton of iron, 
whether the metal be intended for light and difficult castings,, 
which have required a large amount of labour to mould them^ 
or for plain and heavy castings. The other general expenses of 
the foundry will also be usually proportionate to the weight of 
the castings produced. Hence, it is most convenient to reduce 
all the indirect expenses of the iron foundry, and for certain 
purposes all the expenditure of every kind, to a rate per cwt. of 
dressed castings. 

The indirect expenses special to the iron foundry comprise 
foremen's wages, the wages of furnace and bank-men and 
common labourers, coke, limestone, brick, fireclay, sand, blacking, 
brushes, bellows, chaplets, core irons, iron rods, hay for cores, 
steam power for fans, loss of iron, &c. ; the ^vages of one 
or two workmen, who either wholly or in part work for the 
foundry — a joiner, smith (making core irons), fitter (repairing 
boxes), and various sums for repairs, renewal of utensils, &c 
In some cases the indirect expenses of the loam department 
of the foundry are kept separate from those of the green-sand 
side, but generally it wilt be sufficient to find the rate per 
cwt. of dressed castings which will cover all the general 
expenses of the foundry as a whol^ merely keeping the wages 
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■of skilled labour of each branch separate. The following 
summaries will serve as illustrations : — 

SUMMARY OF IRON FOUNDRY EXPENDITURE FOR 

27 WEEKS, ENDING 

T. C. a 

Ootpnt of loam ud di7-niu] cutiagi ijl i6 o 

„ green-uad <J4 la o 

Total ontpnl of dianed cutiiig* 793 B o 

Coal pet Too of 

£ 1. d. £ t. 4. 
CoUofiioa 1,1JI B 8 a a tG I 

Coatofnelilni— ^ - ^ 



: S!ti 



Coi»,fte 

Cat dT fattUng or dmdii^ incIniiTS iCB 11 5 •: S 9 

Soodrj mfffla clurffAd nfviut Iron fonndiy, Indndinc iDraman, 

■mitfa, fittsn and ganBial UboDien .. ' .. 411 iB a — a lo ;1 

i-JSfi S a •• 4 s 8 

Genenl tipnuo— Rent, nie*, muMceaieiil, ac SQR 3 4~i 4 t 

Coit, BiclutiT* af direct libonr £t.U7 ii ?^S S ro 

From this statement it will be seen that every cwt. of 
castings costs in metal, departmental and general expenses 
common to the foundry as a whole, as nearly as possible $s. 6d, 
The costs when the skilled labour and the common labour 
special to each department of the foundry are included, will 
appear &om the following : — 

LOAM AND DRY-SAND DEPARTMENT. 

Com pet Too. 
T. C Q, £ I. d. £ 1. d. 

Draaaad Caitliica ijS le a ?o3 ) 4 - 3 9 to 

CommDn labour, ipodal to loam abop MSS is o '^ i iB j| 

i.oia IS f c 7 s It 

Uoolden'WKBa GSi B 7)= 4 il 4 

TotalCoM fi,;ii 6 iii=ii t jl 

GREEN-SAND DEPARTMENT. 

^ , ^ T- C. Q. £ , d. £ ,. J. 

DTMtM oaatinta (154 11 o 5,594 8 3 = j g lo 

Connukan .. ., .. , .. 70 g <■ ^ a ii 

Common laboar apcdal 10 dapaTtmsnt ,. .. .. 377 ij o ^ o 11 (4 

lloulden' wagea 84013 = 118 

TotalcoM f4.BSi 11 8 a 7 g 1 

Thus, the total cost per cwt of loam and dry-sand castings, 
all round, was slightly over 12s. 3*/., and of green-sand castings 
slightly under ^s. 6d, To determine the cost of any particular 
casting during any period to which the above summaries m^ht 
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be considered applicable we have merely to rate the metal at 
£7 Ss. i^d. per ton (say 7s. 6d. per cwt.) if a loam-castii^, and 
£6 ^s. 6^d. per ton (say 6s. ^d. per cwt) if a green-sand casting, 
and add the moulders' wages for the casting in question. It 
may be added that several of the items in the above summaries, 
particularly " sundry wages," " general expenses," and the items 
of labour, both skilled and common, in the loam department, 
are rather high. There was no piece-work in the loam depart- 
ment and very little on the green-sand side. The rates shown 
by the above summaries are, however, absolutely " total " — they 
include every expense of manufacture without exception. 

The departmental expenses of the brass foundry are very 
similar to those of the iron foundry, there being some special — 
crucibles for example. In this department, owing to the 
comparatively small proportion which the cost of 
Bvaa labour of all kinds bears to the cost of the metals 
used, it is not considered necessary, except in 
special cases, to have the skilled labour returned against each 
order number, as ought always to be done in the iron foundry. 
It is sufficient to reduce all the expenses, including skilled 
labour, to a rate per lb. of dressed castings. This rate will 
usually run in an ordinary engineering establishment, from 
twopence to threepence per pound weight. The rate ought not 
to exceed the latter figure, and in jobbing foundries, whidi 
work for the trade, it is not infrequently brought down to a 
fraction over a penny. Though it is generally sufficient to 
allow the skilled labour to be covered by an all-round rate per 
pound, distinctions have, however, to be made in the brass 
foundry, arising from the different qualities and characters of 
the alloys used in making the castings, which alloys vary much 
according to the purposes for which the castings have to be 
used. 

These different alloys will range themselves, generally, 
under the following heads : — yellow metal, good common brass, 
gun-metal, bell-metal, anti-friction metals, and solders. There 
will also be special alloys — such as those in which phosphor- 
bronze or phosphor-tin largdy enter — used from time to time. 
The cost of the different mixtures may be determined most 
conveniently, and with sufKcient accuracy for all practical 
purposes, by a simple calculation based upon the proportions of 

E 
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the metals used by the foreman to form the alloys. Thus, 
suppose we wish to koow the cost of " good common brass." 
This will probably consist of i6 parts copper, i^ of tin, i^ of 
zinc, and a little lead, which may be neglected — and the calcula- 
tion will stand thus : — 

£ >. i. 

■filb-eoiur 1^ 6U. = S 8 

i)lb.Ua <^iali(. so i j| 

t{lb.iiDO IS vl. = o o 3 

■gib. "coodcaaunoabrui" @ fitf. = o lo i{ 

The importance of making the distinction referred to will be 
evident if we compare the above with the cost of either a hard 
gun-metal or a yellow brass such as is lai^ely used for taps and 
valves. The two latter would probably stand thus: — 

HARD GUN-METAL. 

£ >■ d. 

i6lb.coppar ® n't. = o » s 

^ lb. tin a lojj. = o 1 7i 

I IthbardpiB^nMil .. ® jid, ^ tiii st 

YELLOW BRASS. 

Itlb.coppar Ht tUd. ■= o 8 3 

8tb.iiac ^ Id. = a I 4 

14 lb. r>l]o* bnM 5/. = oiao 

The total costs of these different mixtures would therefore 
stand about as follows : — 

YrilQwbnM -id. to M. per lb. 

Good eommoD bnM SM. lo gM. „ 

Hud (CD-maul gjd. to 10}^. „ 

being made up of 5</, per lb., for metal in the case of the yellow 
brass for example, and 2d. to ^d. per lb. for moulding, melting, 
loss of metal, crucibles, sundries, and repairs, and a proportion 
of the general expenses for rent, rates, management, &c. In all 
properly organised works, weekly or fortnightly statements 
showing the cost of the castings under all the important heads 
are prepared, 

The indirect expenses special to the Smiths' Shop are 
prindpaUy coal, waste of material, iron and steel used to repair 
and keep in order the smiths' tools, steam-power for fans or 
blowers and hammers, repairs and renewals of 
hearths, wi^es of smiths repairii^ and renewing 
tools, foreman's w^es, &c. There is usually very 
little common labour, strictly so-called, in the smiths' shop, as 



Smiths* 

Shop. 
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SMITHY AND MACHINE SHOP. SI 

the helpers, strikers, or hammermen, as they are variously 
named, are all more or less skilled men ; and as each smith has 
his own striker or strikers, who work for him and for no one 
els^ and as he cannot as a rule work without them, the wages 
of both smith and strikers can be added together and treated as 
one. The wages of the steam-hammer men or boys should also 
be dealt with on a similar plan, and be distributed over the 
different smiths who use the steam-hammer. Thus, say a 
leading smith earning 38^'. per week returns 9 hours against a 
job. Instead of merely chaigiag 9 hours at 38J'. per week, 
there will be charged 9 hours at probably yys., made up as 
follows:^ — 



, g honn A jBi. = 064 



equal to 9 hours at \s. %d. per hour, or Tjs. per week. Notwith- 
standing the fact that nearly all the labour in the smiths' shop 
may be thus chained direct^ the percentage to cover indirect 
expenses is almost invariably high. 

The indirect expenses spedal to this department are the 
heaviest of alL They comprise — steam-power, oil, oil-cans' 
cleaning waste, tool steel, hammers, leather belts, laces, grind- 
Mn ^h lfO stones, emery, emery paper, emery wheels, smiths' 
OF Tgwiing charges dressing tools, a half or other proportion 
Shop. of the craneman's wages (an overhead traveller 
bdng now found in most large shops), repairs of machine tools, 
repairs and renewals of utensils, labourers' wages, and the wages 
<A foremen. The items of rent, interest on capital, &c, are 
necessarily also heavy. Whilst in average works it will usually 
be suiUdent to determine the indirect expenses of the machine 
shop as a whole, in large works or where very large and costly 
machine tools are In use, it may be advisable to divide the 
machine shop into two, or even more, sections, placing the large 
tools by themselves in the one and the ordinary tools in the 
other, and to determine the percentage for each section. This 
may be done very conveniently and with sufficient accuracy, as 
a general thing, by dividing the total indirect expenses of the 
machine shop into two parts proportionate to the cost of the 
machine tools in each section.- At the same time, it is not at 
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all difHcult where anything like proper book>keeping exists to 
keep the working expenses of each section separate, and as the 
power consumed by each section can also be either ascertained 
by engine indications, or very closely estimated, a veiy lai^ 
proportion of the indirect expenses of each section can be 
ascertained absolutely, leaving only general items — rent, 
management, &c. — to be determined by calculation based upon 
the cost of the tools. 

The fitting department is generally in the same building as 
the machine department ; but the indirect expenses of the one 
can easily be kept distinct from the other. The special expenses 
Fitting of ^^ fitting shop comprise — files (a heavy ttem)> 
OF Erecting hammers, chisel steel, cleaning waste or cloths, oils 
Sbap. and cans, grindstones^ repairs and renewals of 
numerous utensils — stocks and dies, ratchet braces, &c. — a pro- 
portion of the craneman's wages, labourers' wages, very often a 
lat^e portion of the junior apprentices' wages, and the wages of 
foremen. Owing, however, to the sum total of fitters' and mill- 
wrights' wages, which can be dialled direct, being usually large, 
the percentage for indirect expenses is generally comparatively 
small It is necessary when any considerable staff of fitters 
is regulariy employed on outdoor work to determine a separate 
percentage for them ; otherwise the percentage, when applied to 
the wages expended in the shop, will be too small, and when 
applied to outside work, too lai^e. This will be obvious when 
It is borne in mind that light and shelter, the assistance of 
labourers, the use of scaffolding, and numerous sundries are 
generally provided by the customer for whom the men are 
working outside. 

The percentage on direct wages to cover all indirect expenses, 
both departmental and general, in a general engineering estab- 
lishment should not exceed the higher rates given in the 
following scale, whilst they will not often fall below the lower 
rates: — 

Dnwini office i] to J3| per cant. 

P*tters(hop je to n n 

Drawlsg omce ud putem (hop wbea treued u one .. jjt ■<> f 

Smltbi'dup -- •- — 

Hachiiuibop 

Pltdo|*tu)p 



• '» ., 



That is to say, if a job has required an expenditure of ^^4 for 
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drawings and patterns treated as one department, it must be 
charged with from 261. 8rf. to 40*. more to cover the indirect 
expenses that will have been incurred on its account^ and so on 
with the other departments. 

A remark that applies to every department, and that is suffi- 
ciently obvious, is that these percentages will be higher when 
there is little doing than when business is good. In the former 
condition of things, not only will the rent, office expenses, and 
many other items be practically the same as in the latter, but 
many of the workmen who have to be retained will be obliged 
to charge a not inconsiderable proportion of their time against 
their shop, instead of against customers. 

From what has now been said, it will be obvious that whilst 
it is of the utmost importance to cover in every estimate, and to 
include in every statement of cost, the indirect chaiges of the 
establishment, the sum put down cannot, in any case, be other 
than an estimate and will therefore differ, and oi^ht to be 
shown separate, from the material and labour which, in the case 
of a cost, will be actual returns. The proportion or percentage 
may be accurately determined at the close of any period from 
the accounts of that period A proportion so determined may 
be, and as a rule will be, used during the succeedii^ period ; 
but whether it will be accurate or not will depend upon the 
amount of work done in it, and cannot be certainly known until 
its close. 

We have thus dwelt at some length upon the question of 
geneial or indirect expenses, because it is of the utmost con- 
sequence that anyone who wishes to prepare estimates should 
have an adequate conception of the importance of these general 
expenses as an element in the cost of everything produced ; 
and, also, some idea of the relative values of tiiis element in the 
different departments of an ordinary engineering establishment. 
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CHAPTER VI. 

MILLWRIGHT WORK— MILL FIXINGS, PEDESTALS, ETC. 

We shall now deal with the cost of maaufacturii^ and with the 
usual selling prices of general millwright work. The laige class 
of articles comprised in the tenn " millwi^ht work " may very- 
well be styled the "common objects" of the general engineers' 
establishment They are required more frequently and in 
greater numbers than any other of the productions of the 
mechanical engineer, being necessary, more or less, to every 
manufacturing industry in vdiich steam or other motive power 
is employed. 

The machinery of a 5{»nnlng mill, by which the actual 
manufacturing operation is performed, differs immensely from 
that of a weaving factory, whilst that of a weaving factory 
differs in an equal or greater d^ree from the machinery of a 
flour mill ; but all these establishments must contain shafting, 
bearii^^s or pedestals in which the shafting may revolve, fix- 
ings to carry the pedestal^ and also wheels or pulleys to convey 
motion to the machines. The machinery of conversion in 
two works may differ enormously, but the machinery of iratiS' 
mutton will be found to possess many, if not all, its features in 
common. 

It is no doubt true that there are now many engineering 
establishments which have little or nothing to do directly with 
general millwright work. Undoubtedly mechanical engineering, 
like most other industries, has been eaormously modified during 
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the past half-century by the great development of the principle 
of the division of lalx)ur which has taken place in that time. 
There are now many engineering works which are simply fac- 
tories for the production of some particular class of machinery. 
Nevertheless there is no department of mechanical engineering 
in whlcb a young man may be placed in which he will not find 
a knowledge of the construction and cost of machinery of trans- 
misstOQ of value to him, if not actually indispensable. It is not, 
therefore, necessary to offer any apology for dealing in some 
detail with this branch of our subject 

These may be conveniently considered under two heads — 
special, and standard or ordinary fixings. Nearly every mill, 
_... —_. factory, or other manufacturing establishment 
using steam or water-power requires at one time or 
other a number of special cast-iron fixings to carry some portion 
of the machinery of transmission in some peculiar or special 
situation. For these fixings special patterns have usually to be 
made, and as these patterns are generally of no use as stock or 
standard patterns, their cost in each instance must be entered 
against the special casting, and covered by the price chained 
in the account or estimate. The cost of moulding these 
fixings — -which are very often loam castings, or, if they are 
done in green sand, are unusually difficult — must also be taken 
separately, as should also any workmanship upon the castir^ 
itself. 



Example No. g. — Estimate of cast-iron footitaud, with bell-metal tniBb and 
steel step for apnght shaft, for (Profit rates). 
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Example No. qa.— Statemrat of cost of pracediog c! 
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In the above statements we give first an estimate, at profit 
rates, for a special fixing, and, secondly, the actual cost of the 
fixing when completed ready fqr erection- The rates in the 
estimate were slightly over the usual profit rates of the estab- 
lishment, as the work was for a very particular customer, and 
would have to be most carefully done. In the " cost," the rates 
put opposite the Iron castings cover not merely the cost of the 
metal, but every indirect expense properly belonging to the 
ironfounder, as previously explained. The sums in the left hand 
money column represent the indirect expenses for the different 
classes of labour against which the amounts are set, supposed 
to be chargeable to the Job. 

These expenses are here calculated on the following scale — 
viz., machinists, 150 per cent; fifters, 50 per cent; pattern 
makers, 75 per cent ; smiths, loo per cent ; and draughtsmen, 
25 per cent on the actual wages paid. The four items of 
machinists' wages amount to ;^l 19;. id., and 150 per cent on 
this sum equals £2 iSs. yd. It will be noted that the profit in 
this example amounted to about 35 per cent, on the gross cost 
of the fixing ; though if the cost of the principal casting be 
compared with the sum put down for it in the estimate, it will 
be seen that the profit on the casting alone was only about 25 
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per cent on the cost— certainly not more than ought to be ob- 
tained on special and risky castings of this nature. Whilst the 
statement of cost is in this example set out in detail, costs 
of such work may be much more brieSy summarised (the princi- 
pal items being collected from different books) where proper 
accounts are kept, as will be explained in due course. One or 
two other detailed costs of special fixings may be given. 

■ No. lo.— Snmnukry of cost of i spm^ wall box, prepared to carrr 
't pedestal at lower part and pedestal for first motion upright ifaalt 
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The castings in last example stood in the estimate as follows : 
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It must not be .supposed that profits equal to those shown in 
the two last examples are always to be obtained. Larger 
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profits will not often be obtained where there is competition ; 
and lower rates must frequently be taken, espe- 
^•^^^ cially where the castings form part of a consider- 
able contract Many other detailed examples of 
spedal fixings might be given, but the following list will serve 
to supplement sufiiciently what has already been adduced. 

SPECIAL CAST-IRON MILL FIXINGS. 



id tor upright (loun) 
PauamnaUni — — 
1 W4aBiinc(loud) 



Puian maUu sitn, j (Un A its, 
""-' — tiMm) .. .. ., 

pints for npri^l (loun) 

making eitn. 9 diys & lu. 6d. 
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In connection with these spedal fixings, special 
d^uw'* bolts and nuts are often required. It may be well 
to give one or two examples. < 
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ExAHFU Na 13.— Coat of 14 ij-in. cotter bolls and nnt«. ftw— 
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Bqul 10 Vijd. pM lb. 

These bolts, etc., stood in the estimate at 2^. per lb. The 

price of such bolts generally runs from this rate up to $J. per 

lb., according to the weight per bolt The lighter the weight 

per bolt the higher the price per lb. 
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The estimate for the above stood thus 
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EqnriWj-Sporlb. 

ExAMFLB No. 14.— Cost of 36 rag-end bolls, 6 In. 
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Special bolts of a similar character to those which have just 
been used as examples, made in a general engineering establish- 
ment, will not often cost less than the rates here shown. It 
may be incidentally remarked that home-made bolts and nut& 
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«f standard sizes cost usually much more than similar bolts and 
nuts could be bought for from the regular manufacturers. A 
bolt maker is, however, necessary to a laige engineering shop ; 
and, as he cannot always be engaged on special bolts, it pays 
to let him fill up his time making standard sizes. 

Most general engineering establishments gradually accumu- ' 
iate a stock of patterns of wall boxes which are used from time 
to time for different jobs, and thus become standard patterns. 

The list below may be taken as fairly representa- 
Bozes. ^^^ ^* '^ ^^'y °^*^" *^^ *^^*i however, that a 

stock pattern of a wall box has to be altered to 
«uit different thicknesses of walls, and in other details. It is a 
simple matter to do this — strips being fixed on when the 
pattern is to be made wider ; and, if the casting is required 
narrower than the pattern, the moulder can with a little care 
" stop off" the superfluous width in the sand. The bridge in 
the box to carry the pedestal generally admits of adjustment to 
■A certain extent. The cost of altering the stock patterns must, 
of course, be covered in any estimate. The cost of wall boxes, 
-as castings, may usually be taken as about the average or 
all-round cost of the castings turned out of a general engineering 
foundry. It is rare that any machining has to be done on a 
-wall box — a little chipping or filing by the fitter when placing 
the pedestal being all that is necessary. 





Tabu No. i.— Lut of waU boxM. 
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6l 



The " depth " given in the above table is the distance through 
the wall box from front to back, and corresponds with the 
thickness of the wall. 

The above prices would cover the use of stock patterns, but 
not the cost of any alterations or adjustments that might be 
necessary. These alterations would have to be covered by a 
special charge. 

In a general contract, however, containing a number of wall 
boxes, it will generally be sufficient, to cover all alterations and 
preparations, to add from one to three shillings per cwL to the 
above rates. 

The wall box patterns given tn the above table were mostly 
made at different times to suit the. requirements of different 
customers, and without reference to any particular scale. 

The following would constitute a fair price list for plain wait 
boxes for ordinary walls, the prices being subject to say 2^ 
per cent discount in a month; delivery F.O.B. (free onboard), 
or F.O.R. (free on rails) in maker's own town. 



Tablk No. 3.- 


-Price list of wall bo»es. 
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Both these iixings are for the purpose of carrying shafting. 

The term " Hanger " is applied generally to all fixings for this 

purpose which are bolted to beams overhead, and thus as it 

were " hang " from above. The term " Bracket " 

^^^*i^* is applied to all fixings for this purpose which are 

bolted to the sides of walls or columns. 

Both hangers and brackets may be divided into two general 

dasses — viz., those which have brasses fitted actually or directly 

in them, and thus form in themselves the bearings for the 
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shafting; and those which have separate pedestals bolted or 
otherwise fitted on them. The former are cheaper than the 
latter — i^„ the pedestal brackets or hangers are cheaper than 
independent brackets or hangers with separate pedestals — but 
they are not so good. It is difficult to put a number of them 
correctly in line when erectii^ ; they are more difficult to 
adjust, should adjustment become necessary owing to the 
settUi^ of the walls of the house or to any other cause ; and 
they are troublesome when any renewal of bushes becomes 



Following are a few examples of cost^ and also tables of 
weights and prices. The hangers given in the examples and 
tables are of the ordinary " sliog " type, in which there are two 
flai^es to bolt to the overhead beams ; though both weights 
and prices may be taken as practically applicable also to the 
plain boot-shaped style in which there is only one flange to bolt 
to the beam. 



ExAUPLS No. i5.-Coet of hanger with single bran end ir 
centre of bearing, 14 in. ; boi«, ij in. 
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EXAHPLB No. iS.— Cost of pedssUl hanset with aiiigle brass. Depth, i3 in. ; 
bore, 4 tn. 
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It should be mentioned that the hangers given in the four last 
examples were made simply in the quantities there given — that 
is, singly in all except one instance— to odd orders. Therefore 
the costs are higher than would be the case in the event of a 
large number of one size being made at a time ; and the 
prices at which the hangers are charged are also proportionately 
higher than would be chained for considerable numbers. 

Tablb No. 3. — Table of pedestal hangers (single brasses) and plain hangers. 
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If with double brasses (a brass top and bottom), 20 per cent. 
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extra; 15 per cent extra on prices of plain hangers for pine 
packing, bolts and nuts to hold pedestal, and joggle keys. 

By " plain hanger " in the last column of the above table is 
meant a hanger prepared to have a separate pedestal bolted to 
it. The weight of such a hanger would be slightly over the 
weight of cast iron in the pedestal hanger of corresponding size, 
but may be considered as practically the same. Most engi- 
neering firms would supply pedestal hangers at the rates given 
in the above table in small quantities at a time, and in large 
nombers at from 10 to 35 per cent less. A single pedestal 
hanger should not cost more to make than the sum opposite 
each size, and the cost should come out considerably less when a 
dozen or more are made at once. 

The costs and prices of pedestal wall brackets — that is, of 
brackets which form in themselves the bearings for the shaft, 
may be taken at about 10 per cent more than hangers — the 
distance from the wall to the centre of the shaft in the one case 
not being more than the depth from the beams to the centre of 
the shaft in the other. The price of plain brackets — that is 
brackets which are intended to have separate pedestals bolted 
to them — may be taken at from 20 to 25 per cent, more than 
plain hangers. The only difference is that ihere is usually from 
a fifth to a third more cast-iron in the bracket than in the 
hanger of corresponding size. Pillar bracket pedestals are 
simply pedestals intended to be bolted to the sides of pillars or 
columns. In the case of wall brackets and hangers, the centre 
of the shaft must be at a considerable distance from the wall or 
beams, so that there will be sufficient clearance for the pulleys 
or wheels which are intended to go on the shaft. But a shaft 
may be carried quite close to a column, as there will be, in the 
space between two columns, ample clearance for all pulleys. 
Hence pillar bracket pedestals have not so much cast-iron in 
them as wall brackets or hangers, and may, indeed, almost be 
regarded as ordinary pedestals. If 10 per cent be added to the 
prices of plain pedestals which follow, this will generally be 
sufficient to cover the extra cost of pillar bracket pedestals of 
corresponding dimensions. 

These different terms are all used to describe the same class 
of fixing. These fixings are of many different designs and of 
all sizes, from the massive pedestal for the craak-shaft of the 
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engine or for the water-wheel axle, down to the neat little 
Pedestals bearing resting on a neat bracket fixed by screws 
Plummer- to the wall of his workshop, in which the shafting 

Bloeks, Seats, of the watch manufacturer revolves. As the 
Bearmgrs. pedestal or pluminer-block is undoubtedly the 

most important of all mill fixings, we give detailed examples of 

most ordinary sizes. 
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The following is a copy of the entry in the sales book and 
also a copy of the invoice for the above pedestal, which was not 
made under contract, but ordered without a tender being 
required : 
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To make complete new patterns for a pedestal of above 
dimensions would take from 10 to 14 days of a pattern maker. 
The pedestal given in the above example had more workman- 
ship than is usually required for ordinary shafting pedestals put 
upon it It was, indeed, a crank-shaft pedestal, though used for 
a first motion shaft in this instance ; and the instructions were 
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to make a very good job of it The following examples repre- 
sent more the character of ordinary shafting pedestals. 

From these it will be seen that pedestals as large as the one 

in the last example can be made much lighter and less expensive. 

At the same time the following may be considered of high-class 

character for ordinary purposes. 

ExAHFLB No. so. — Coat of pedestal vlth doable brasses, g in, bore by 14 in. 
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ExAUPLBS No3. 31 AKD zz. — Cost of pcdestol witb double brasses. 
3 jg. bore by it ip. long. 7 in. by 12 in. 
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Chined £1} lOJ. Charged £,5 10 

Example No. 23. — Cost of pedestal with double brasses. 6in. by 10 in. long. 
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ExAUPLBS Nos. 34 AND t$. — Cost of podestal with donble brasses. 
sin, bore by loin, lopg. 4^ in. by 9 in 
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ExANFLBS Nos. 36 AHD a?. — Cost of pedcBtal nith doable brasses. 
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Examples Nos. 28 and 29.— Cost of 
3 in. by 6 in. long. 


pedestal vritb donble brasses 
2i in, by 5 !n 


tag. 


SSJ"-.. :■. :: :: 


1 1 

4 


J'i 


1:1 


D I.. 

31 


1. d. 


£ f.d. 


^.•;rJ^:"':"T' :: 


; :s 


Vli 


Gro»c«. .. .. 


1 7 9 







ExAUFLES Nos. 30 and 31. — Cost of pedestal with double brasses. 

X in. by 4. in. long. ij in. by 3^ in. long. 
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All the above examples of pedestals are taken from actual 
experience, and arc the costs of pedestals made either singly or 
in lots of not more than two or three at a time. In most of the 
cases slight alterations in the patterns were necessary, but the 
cost of this item has been left out, as it is so variable. The 
brasses in all these instances will be found on the heavy side — 
pedestals often being made with brasses from 25 to 50 per cent 
lighter. The cost of pedestals with single brasses — that is, with 
one brass let into the block, and with merely a cast-iron shell 
cap above — may be taken at about one-fifth, or twenty per cent 
less than the costs shown for the double brass pedestals. The 
principal saving is in the brass. 

All the pedestals given in these examples were of the ordi- 
nary plain type, with soles having double tails ; the bolts being 
used merely for securii^ the cap to the block, and not also, aa 
is the case sometimes, for the purpose of attaching the pedestal 
to the fixing. The cost of side pedestals, with correspondingly 
weighty brasses, would be about the same. 

The selling prices given in the above examples would 
frequently be allowed to include — in the larger sizes at least — 
pine packing when required, joggle keys and the bolts and nuts 
to attach the pedestal to the fixing, unless the bolts were of 
extra length or of some special character. Many firms would 
charge lower prices than those given in the above examples, 
even with the costs about the same ; but these prices are not at 
all out of the way for odd pedestals, more particularly if a de- 
parture from the stock pattern has been mad^ as something 
must be allowed for the use of the engineer's patterns. 

A firm intending to make a specialty of pedestals, and to 
issue or advertise a price list, would endeavour to fix their 
weights and prices at about the figures given in the table 
on the other side. 

The selling prices given in the table would be exclusive of any 
oil cups, bolts for securing the pedestals to the fixings, or of wood 
packings. In preparing a list of this kind intended for public 
use, it is necessary to keep in mind that the sellii^ price must 
be sufficient to cover not only a cash discount of z^ or 5 per 
cent, to the buyer, when the buyer is the user also, but must be 
sufficient to cover a still larger discount — 10 to 15 per cent — 
to merchants, agents, and other distributors. 
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Pedestals can be bought at lower prices than those given in 
the " selling price " column in the table ; but in the writer's 
opinion it is not possible to sell pedestals profitably at lower 
rates than those just given, and at the same time to do justice 
to the user in the matter of workmanship and quality and 
weight of brass. 

Table No. 4. — Price list of pedestals, with donble brasses. 
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It is, perhaps, unnecessary to add that pedestals of reasonable 
quality can only be made at the costs given above, by being 
made in quantities, and either on piece-work or on a systematic 
plan. 
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MILLWRIGHT WORK, cotUtL— SHAFTING AND COUPLINGS. 

Mill and general shafting is now made principally from the 
following materials : — 

Hammered Scrap Forgings. — Used for heavy upright and 
other shafts, especially such as have large bosses to receive 
wheels. These foigings cost the manufacturing engineer from 
£,\\ to £2o per ton in the condition in which they leave the 
hammer, according to the size and the number and shape of 
the bosses — £\\ t0;^l6 per ton being ordinary rates. 

Siemtns and Bessemer Steel Forgings. — Used for same 
purposes as the hammered scrap, and costing from £20 to £%(> 
per ton. 

Bowling and Low Moor Iron Forgings. — Now but little used 
comparatively, the cheaper — but, if properly made, equally 
reliable^ — mild steels being used instead. 

Many engineering establishments have their heavy foiled 
shafts rough-turned at the forge, especially if time is important 
or the carriage considerable. The advantage of having the 
shaft thus rough-turned is that it enables the forge-master to 
ascertain with tolerable certainty whether or not the forging is 
sound ; and if it is not, to rectify the defect if slight, or to make 
a new forging, if necessary, without loss of time. Nothing 
is more tantalising in an engineering shop than to get in 
a heavy forging, centre it in the lathe, possibly get it half 
or nearly wholly turned, and then to find it is defective and 
must be rejected and returned to the forge. A rough-turned 
forging, of course, costs the engineer rather more per ton than 
if be takes it from the hammer — from £2 to £6 extra, accord- 
ing to character. 

It is customary for the manufacturing engineer, before 
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orderir^ his heavy shaft forgii^s, to submit outline tracings of 
the shafts he requires to the forge or foiges which he favours, 
and to invite quotations upon those tracings. 

Most shafts of five itiches diameter and upwards, and also 
lighter shafts if they have large or numerous bosses, are made 
from simple forgings, that is, they are not passed through the 
rolls. Lighter shafting, however, and not infrequently s-inch 
and 6-ittch shafting if plain, is made from rolled bars as 
follows : — 

Bowling or Low Most Iron Rolled Bars. — Used occasionally 
for special work ; cost from £i6 to £26 per ton at the works, 

Siemens and Bessemer Steel Bars, — Cost from about £6 loj, 
for the lowest Bessemer, to ;f 20 per ton for the best Siemens. 
The Siemens or Siemens-Martin steel is generally considered to 
be better and more reliable than the Bessemer. 

The new steel made by the basic or Thomas-Gilchrist process 
is now beginning to be offered in bars at very low prices, even 
under ;£■$ per ton. It is not, however, perfectly reliable as yet. 
and is usually rather hard ; but it will no doubt be improved 
and come into very general use, as it can be produced at a 
lower cost than other steels. 

Kirkstall Rolled Bars. — Very good, cost from £y to £ 12 per 
ton. It may be noted that, in addition to the plain rolled bars 
for turning, the Kirkstall Forge also produce a special kind of 
rolled bars called " planished " bars, which are intended to be 
used without being turned at alL They are undoubtedly very 
good bars, have a fine skin, and are perfectly true — they are 
finally "trued up" by special machinery. These planished or 
patent rolled bars cost generally about £14 per ton. 

Staffords/iire, Scotch, and other Rolled Iron Bars. — These are 
very largely used for plain shafting, and cost from ;f 6 tOj^i2 
per ton, according to sizes and quality. Excellent South 
Staffordshire bars, in every way suitable for shafting, can be 
bought in ordinary sizes at £j los. or £Z per ton at the works. 
These prices will buy " marked " bars, that is, bars branded 
with the marks of particular and well-known makers, and which 
have become recc^ised as guarantees of quality, as dis- 
tinguished from the common bars of any and every maker. 

It may be added that it ought to be considered a sine qud 
non in all iron or steel for shafting that it should be mild, soft, 
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and tough. If hard, it will be liable to be brittle, and therefore 
unreliable, whilst (what is of equal consequence in a commercial 
sense) it will take extra time to turn tt in the lathe. 

It may be useful, more especially to some of our younger 
readers, to mention a few of the leading makers of shaft 
forgings and bars. 

Among the best known establishments from which manufac- 
turii^ engineers buy their heavy shaft foldings may be 
mentioned the followii^, viz. : — The Bolton Iron and Steel Co., 

Hakers of ^-> B*^'^''!^ ; Sir Joseph Whitworth and Co., Ld., 
Forginffsand Manchester; Sir W. Armstrong, Mitchell, and Co., 
Bars. Ld., Newcastle-on-Tyne ; Steel Company of Scot- 
land, Glasgow ; The Ince Forge Co., Wigan ; J. and W. 
Beardmore, Parkhead, Glasgow; Lancefield Foi^e Co., Glasgow; 
Mersey Forge Co., Ld., Liverpool ; Landore Siemens Steel Co., 
Ld., Swansea ; Portland Forge Co., Kilmarnock ; Vickers, Don 
Works, Sheffield; Cammell and Co., Ld., Sheffield; John 
Urown and Co., Ld,, Sheffield. 

The following are well-known makers of rolled bars for 
shafting, viz.: — ^Tfae Bowling Iron Co., Bradford, Yorks : The 
Lowmoor Iron Co. (Hird, Dawson, and Hardy), Bradford, 
Yorks ; the Farnley Iron Co., near Leeds ; the Kirkstall Foige 
Co., near Leeds ; the Bolton Iron and Steel Co., Ld., Bolton ; 
the Landore Siemens Steel Ca, Ld., Swansea ; the Steel 
Company of Scotland, Glasgow ; the Weardale Coal and Iron 
Co., Ld., Spennymoor, Yorks ; J. and W. Beardmore, Parkhead, 
Glasgow ; Pearson and Knowles Co , Ld., Warrington ; and in 
the Staffordshire district, John Bagnall and Sons, Ld., West 
Eromwich ; the Earl of Dudley (E. Fisher Smith, agent), near 
Dudley ; N. Hingley and Sons (Netherton Crown B.and), near 
Dudley ; William Barrows and Sons, Tipton ; Shelton Bar Iron 
Co., Stoke-on-Trent ; Coalbrookdale Iron Co., Ld., Coalbrook- 
dale. 

It may be mentioned that whilst manufacturing engineers 
and makers of iron are more and more dealing directly with one 
another, to the advantage of both parties, a large amount of 
business in bar iron is still transacted through the medium of 
iron merchants and agents. 

The cost of a line of shafting is affected to a very consider- 
able extent by tlie kind of coupling adopted to connect the 

nigti/cdavGoOglc 



SHAFTING AND COUPLINGS. 



73 



different lengths tc^ether. The best coupling, considered 
simply as a method of connecting two shafts 
piuffs. tQggt^g,.^ ig undoubtedly the solid flange coupling. 
It is, however, expensive, and involves the use of split pulleys 
or wheels ; and though it is to be preferred for heavy shafts, the 
cast-iron flange coupling b in every way suitable for ordinary 
line shafting. 

The solid flange coupling, as its name implies, is formed by 
forging a flange on the end of each shaft to be coupled ; the 
cast-iron flange coupling is formed by keying a cast-iron flange 
on the end of each shaft to be coupled. The shafts are 
connected by bolts passing through the two flanges. The two 
flanges constitute the coupling. 

The following are a few examples of estimates and costs : — 
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The cost of the forgoing was as follows, viz, : — 
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It may be noticed that in last example, the time of the turner 
on the bolts, counted in hours, is considerably more in the actual 
cost than the time put down in the estimate; This discrepancy, 
in this instance, is accounted for by the fact that whilst the 
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time in the estimate is that which it was supposed an ordinary 
journeyman would take to do the work, the work was actually 
done by one of the older apprentices. 
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The estimate for these shafts at profit rates stood as follows :- 
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The rates given in the above estimate were fully lo per cent, 
under those usually put down in the establishment where this 
work was done, as it was desired in this instance to put in a 
(comparatively) low tender. These rates would, however, be 
considered good in many establishments. It will be noted that 
the forgings were in two out of the three lots slightly heavier 
than was estimated, but, as previously mentioned, this is a 
circumstance very liable to occur. It will also be observed 
that the profit price down for the forcings is exactly 33^ per 
cent on the price actually paid for them. It was, however, 
expected that i6j. per cwL would have to be paid for the forg- 
ings, and 25 per Cent was therefore the percent^e counted upon 
in the estimate, 

A much higher percentage, as already stated, is often taken 
on such shafts, as there is a certain amount of risk in connection 
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with them. That is to say, a shaft of this character may, after 
a considerable amount of workmanship has been put upon it in 
the engineers' shop, turn out to be defective, and have to be 
returned to the forge. In such an event all good foi^es will 
replace the defective forging without expense to the engineer, 
but will not pay the latter for the time and money he has 
expended upon the bad forging before the defect was discovered. 
Foldings are usually supplied to engineers upon a kind of tacit 
understanding to the elTect that the maker will take every 
reasonable care — exercise " due diligence " — to secure a sound 
foiling ; but if, after all, a defect appears when the shaft or 
other article is being finished, the engineer must share the loss 
incurred to the extent of the value of the workmanship that 
has been expended in his shop, whilst the foi^e-master takes 
the other, and usually lai^er, share of the loss, represented by 
the replacing of the forging by a new one. Hence it will be 
seen that if a "reed" is discovered as a shaft is receiving its 
finishing cut, the engineer may lose the whole of his profit on 
the forging ; and, therefore, a considerable percentage is justifi- 
able. At the same time 25 per cent, is a very common percent- 
age on heavy forgings, and one with which many manufacturing 
engineers are well satisfied. 
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The cost of the above came out as follows : the cost of the 
shafting being separated as accurately as possible from that of 
the couplings. 
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Cost of 4^-in. shafting and couplings: — 
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SUMMARY A. 



SUMMARY B. 
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KxAHFLB No. 35.— Cost of 8 lioes of wroDght-iron sbalting, 3 to. diameler, 
each line 40 f(. tcoig, to two leoglhs, joined by solid flange coapliiigE, witli turned 
liolts and nutB^ 
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The estimated weight of the above lot of shafting was 
75 cwt 3 qrs. The price was £ 130, being the estimated weight 
calculated at 3i</. per lb., with 5 per cent extra for packing for 
shipment 



EiAHPLB No. 36.— Cost of 8 linea of vrongbt-iron sbaftinfr, 3|b. diameter, 
esch line 40 ft. long, in two lengths, joined bj solid flange coaplingt, witb Inriied 
txdls and nats. 
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Tender £73 15s., being the estimated weight (38 cwt.) 
calculated at 4*/. per lb., with 5 per cent, extra for packing for 
shipment. 

It may be desirable to explain, with reference to both the two 
last examples, though the examples realty carry this explanation 
on the face of them, that the flanges to form the couplings were 
foiged on the ends of short pieces of bars in the smiths' shop 
of the establishment ; the short pieces with the flanges at the 
ends being subsequently welded to the plain rolled bars as 
bought from the makers. This is the practice generally followed 
in works where the smiths' shop possesses a steam hammer. 

It will be obvious that in preparing the specification of the 
rolled bars for shafting of this kind for the bar makers, allow- 
ance must be made for the coupling ends. Thus, in the two last 
examples the bars were ordered 17 ft 3 in. in length, and if there 
had been flanges at both ends of each shaft the length of the 
rolled bars would have been correspondingly shorter. For the 
coupling ends themselves iron was taken out of stock. 

Let us now see what the difference in cost would probably 
have been if the3-in. shafting in Example No. 35 had had plaia 
cast-iron flange couplings instead of the solid forged flanges. 
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ExAUPLX No. 37. — Ealimated cost of 8 lines of mought-iroa shafting, 3 in. 
In diameter, eacb line 40 feet long, in two lengths, joined by cast-iron flange 
ixjuplings, with turned IxJts. 
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Eqnal to nearly 41. 6d. per lineal foot, aiainit St. 3d. for the lolid Suged ihalting. 

It will be seen from above that the gross cost of the material 
is slightly higher than in No. 35, though the weight of the 
material is practically the same in both cases, A higher price 
per cwt, had to be paid for the bars in No. 37 than in Na 35, 
owing to their greater length. This slight disadvantage on the 
side of the plain shafting with cast-iron couplings is, of course, 
much more than counterbalanced by the cost of forging, and 
the extra turners* time in the case of the shafting with solid 
flange couplings. Although the total length of the shafting is 
the same in each case, much more time is required to finish the 
solid flange shafting than is needed for the plain bars and cast- 
iron couplings, 

The cost of the shafting and couplings, as distinguished from 
each other in the last example, and the probable selling price 
are shown in the following summary : — 







SUMMARY C. 
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The cast-iron couplings in the examples given were all polished 
all over, and had in the one half a recess turned out to fit a 
corresponding projection left on the other half. Some firms 
offer, and there are people content to take, these couplings 
roughly turned and with plain faces. These, of course, are much 
cheaper, but certainly not so good. 
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Examples such as the following are of almost daily occurrence 
in a general engineering shop. 
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ExAMPLB No. 39.— Snmmary of cost of [ wronght-iro 
II in. loDg, with I boss 5^ in. diameter by 13 ia. 
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The last two examples were not made under contract ; the 
orders were given without previous enquiry as to price. The 
entries in the sales book were substantially as follows, viz. : — 



SuiTK »□ JoNEB. Bluiktown. 

Sjlt. of i|-iQ. wrongbi-iioa Bhanine In ftnu 
loDglhi. tumod and pollahed all oreri and 
wilD kgjbedt cut for coupling* 

I cut-iroD aues cogpiingi, tnnisd and 
pollllisd, lujed^ on ibafta and fitted wlib 
tnnwd bblti uul anu 



Sntqect to i| per cant, foi caah on Jul; 10. 



,;, Google 



MILLWRIGHT WORK. 



In some houses the entry would have been made in the 
following manner : — 



4 rolled iron ban, Erom Mock, to malce a ft. of 
it-iD. ibiftiDC 

g l-iD. belli ud Data, fbiged 

6 wrouElit-iroD lurl 
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Lot a) p«i canL discount. 

Again, other firms would chaise the customer simply in the 
following fashion : — 
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From the examples which have been given it will be seen that 
plain wrought-iron shafting, not including couplings, can be 
made in a general engineering shop to sell at about the following 
rates, and to leave a good mai^n of profit, viz. :— i8j. per cwt. 
for 4 in. shafting, and 2y. per cwt for 2^ in., and proportionately 
for other sizes. But, by making suitable arrangements — pre- 
paring special tools, putting men on piece work, and so on — 
such shafting can be turned out profitably at considerably lower 
rates. Polished wrought-iron shafting, said to be perfectly true 
and straight, is, indeed, oflered in ordinary sizes as low as izs, 
per cwt Shafting at this price either cannot be very good or 
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cannot leave much profit ; but it is easy to see how tolerably 
good shafting can be turned out about this figure. 

Rolled bars to 3 in, cau be bought at under ;^6 lOt. per ton 
at the works ; plain shafting can be finished with proper arrange- 
ments at the rate of two superficial feet per hour, or even more, 
and 100 per cent on the wages paid ought to be sufficient to 
cover general expenses in an establishment, or portion of an 
establishment, specially laid out for this class of work. 

Therefore, the cost of 3-in. shafting, made under such condi- 
tions, would stand about as follows, viz. : — 
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As this cost is equal to 9^. 6d. per cwt. on the finished weight, 
t2S. per cwt. would leave a margin of slightly over 25 per cent, 
on the cost — a mai^in sufficient, indeed, in an establishment 
kept constantly employed on shafting, to allow a rather better 
quality of iron to be used. Any good general engineering es- 
tablishment may, indeed, with suitable arrangements, make 
plain shafting from cheap bars to sell at from 12s. to 14s. per 
cwt., if orders for large quantities at a time can be secured. 
Everything in matters of this kind depends upon organization, 
and upon giving to the workmen the stimulus which is usually 
supplied by piece-work rates. 

In connection with plain shafting having removable couplings, 

collars or rings with set screws are very frequently required, for 

the purpose of preventing the shafting from moving laterally 

in its bearings, and for keeping loose pulleys in 

Loose position on the shafting. These collars are usually 

Collars. ^ , r L,. ■ J t_ J ^ vj 1 

made of wrought iron, and are bored to shde along 

the shaft, turned and polished all over on the outside, drilled and 
tapped, and fitted with set screws. They can be bought finished 
from certain firms, but they are usually made in the shop, as 
they constitute very suitable work for apprentice turners. 

The following two examples show the time occupied in 
making these collars, when made, as they very often are, in twos 

G 
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or threes at 
rates : — 



. time ; and also the prices calculated at profit 



Example No. 41,- 
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When made in quantities, say of a dozen at a time, for stock, 
as they ought always to be, the time per collar comes out con- 
siderably less. A complete list of prices will be found in a 
subsequent table. 
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CHAPTER Vm. 

MILLWRIGHT WORK {emtiniui\.— OVERHEAD RATES AND 
MILLWRIGHT WORK AS A SPECIALTY. 

Large contracts for fitting up mills or factories with the neces- 
sary machinery of transmission are not infrequently made at 
certain rates percwt or per lb. of the material actually supplied. 

This system is somewhat liable to be abused. It 
^to^ presents a strong temptation to many firms to 

quote very low rates for the purpose of securing the 
contract, and then to compensate themselves by putting more 
weight than is at all necessary into any parts of the work which 
admit of such manipulation. It is not always easy for even the 
best firms to resist this temptation, especially when dealing with 
a certain class of people. 

At the same time, this method of contracting is a very safe 
one for the buyer ; that is to say, the buyer may depend upon 
getting full weight in all the parts of his machinery. It is, 
moreover, a method which permits changes to be made in the 
original designs, during the progress of the work, without raising 
troublesome questions as to the amounts of extras, and alto> 
gether is a very simple and convenient plan. 

The rates asked under such contracts vary very considerably 
amongst engineering firms, according to the value which different 
houses set upon the character of their work, but the following 
figures may be taken as representing about the general range 
for such portions of machinery of transmission as have just been 
passed in review — the prices of pig iron and copper, etc., and 
the rates of wages mentioned previously being kept in mind. 

Overhead Rates for Mill Fixings, Shading, &c. 

Wall boiei and Giinp (cresn Mod GUtiog* only) .. i] o lo ij opercwt. 

Cisi itoD in huiCB* uHl pednUIa ■4' o „ iS S 

Brsasia „ ,. i 3 n ■ H pir lb. 

Bolti and not! in huigsn ud pedMMli o ] ,. o S „ 

Boluan<lDnt,(«i.^l) o 3 . o j ., 

Cotter bolt! and unit o i|„ o jt „ 

Rolled vrraoghl-IrQD lluiliBt with cait-iroD cauplingi, bolil, 

kejn, aod collan vaigbed is and iacJuding fOrgiAg udinaiy 

bouca 14 a » }9 percwt. 

Ditto, with lolid Hanga cODpUngi 17 o „ ij o 
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The rates quoted for hangers and pedestals are sometimes 
rates per cwt., inclusive of brasses and bolts. In such cases the 
rates run about as follows, viz : — 

HuE<n 141. to jDi. par cwt. 

FedMUli , }](. „ SOI. „ 

The general rates just given will be entirely inclusive, in cases 
where the mill or factory in which the machinery is to be erected 
is anywhere in the neighbourhood of the engineering worlcs. 
That is to say, the rates will include the cost of taking the 
necessary working dimensions, preparing working drawings and 
patterns, and the cost of skilled labour erecting — the necessary 
scaffolding and common labour being provided by the buyer. 
It is scarcely necessary to mention that these rates only apply 
to comparatively large general contracts ; small jobbing orders 
would not pay at these prices. 

There are many firms who, more or less, make a specialty of 
certain portions of millwright work. That is to say, they have 
laid out their establishments, or a portion at least, specially for 

„,„ , . ^ the production of mill fixings, shafting, etc In 

Mlllwngrnt '^ .L v ^ J ■ , , , 

Specialties, some cases they have put down special tools, pre- 
pared special designs, adopted certain standard 
dimensions to which they adhere, introduced piece work largely, 
and generally made such arrangements as they considered suit- 
able for turning out these articles in large quantities as cheaply 
as possible. 

There are few general engineering firms who have not felt the 
competition of these " specialty houses," as they may be con- 
veniently termed ; and those who are wise in their generation 
have prepared themselves, as far as possible, to meet this 
competition. 

In the following table are given three different sets of prices, 
marked, respectively. A, B and C, A and B are the rates of 
"specialty houses" — A being about the lowest and B the 
highest with which the writer is acquainted — whilst the rates 
opposite C are those at which these articles can, in the writer's 
opinion, be made to sell at a fair margin of profit, by most 
general engineering establishments, by proper arrangements and 
with the appliances usually available in such works. 
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CHAPTER IX 
MILLWRIGHT WORK. continued.—CAST-IRON BELT PULLEYS. 
Belt pulleys of ordinary dimensions are usually moulded from 
full patterns in green sand. The patterns themselves, except 
in some small sizes, are almost invariably of cast iron, as it is 
obvious that, owing to the slight structure of a 

Patterns. pu^^X' * wooden pattern would immediately lose 
its proper shape after being once used. In making 
the pattern, the centre, or boss, and the arms are made in wood, 
but the rim in all the latter sizes, at least, is usually swept up 
in loam, the casting being subsequently turned up in the lathe, 
and carefully dressed all over. Of course, double contraction is 
allowed when a cast-iron pulley pattern is being prepared. 
These patterns are necessarily somewhat expensive, and in 
large establishments considerable capital is sunk is the stock of 
pulley patterns. 

This outlay of capital on pulley pattTns is, however, quite 
unavoidable. It would be out of the question to attempt to 
charge a customer for making a pattern for some ordinary size 
of pulley, except in very rare cases. A buyer would not incur 
such a charge, as he knows that if one firm has not a pattern of 
the size he requires, or that can be modified to suit, another 
house will He has, therefore, only to inquire of two or tliree 
houses, and he will find what he wants, provided, of course, 
that the pulley he requires is of ordinary dimensions. Hence 
an engineering firm wishing to do business in pulleys must be 
prepared to make patterns of ordinary sizes on their own 
account. 

If a number of pulleys of the one size are ordered at once, 
the cost of the pattern may be immediately covered. If only 
one pulley is required, the cost of the pattern mil almost 
certainly not be covered by the profit on the transaction ; and 
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the manufacturing engineer has simply to be content to take 
the pulley pattern into his stock and put it on his list, in the 
expectation that sooner or later he will be able to make use of 
it again, and thus be fully recouped in due time. 

Of course, the price charged for a finished pulley must include 
a reasonable amount for the use of the engineer's pattern ; 
whilst any alterations or modifications of the pattern made 
specially to suit the buyer's requirement, must also be charged 
for specially or sufficiently covered in the price put down for 
the finished pulley. 

Pulley patterns only admit of modification within certain not 

very wide limits. The centre or boss can be modified more 

freely than any other part, as it is a simple matter to make the 

bore or eye of the pulley lai^er or smaller than 

^z«r^ the size for which the pattern was originally de- 
igned. If the pulley was originally designed to 
go on, say, a 3-in. shaft, all that is required to make it suitable 
for any smaller size is for the moulder to put in a smaller core. 
If the pulley is required to go on a larger shaft than one of 3 in., 
the centre or boss of the pattern can be lined up by the pattern- 
maker to the required extent 

A slight variation is possible in the finished diameter of the 
pulley by lining up the rim of the pattern. By lining up on the 
outside the pulley may be finished to a quarter or even half-an- 
inch larger than the original diameter. In such a case the rim 
of the pulley will be turned out on the inside a little for the 
sake of appearance, leaving merely a belt of the full thickness 
at the centre where the arms join the rim. By lining up on the 
inside of the rim of the pattern, the pulley may be finished to a 
quarter or half-an-inch less in diameter than the original size. 
In the matter of width, a skilful moulder can increase this an 
inch or two in an ordinary size, by "drawing" the pattern in 
the sand without any alteration of the pattern ; whilst if the 
finished pulley is required narrower than the pattern, the cast- 
ing is just made of the full size and the superfluous width cut 
off by the turner, when finishing the pulley. 

Hence it will often occur that there is a very great discre- 
pancy between the weight of the casting and the finished 
weight of the pulley. In the cost or account, the full weight of 
the casting as made must, of course, be put down, notwlthstand- 
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ing that a large proportion, it may he, had to be tut to 
waste 

A full pattern would not be made for a very lai^e pulley, or 
one of some exceptional character. The rim would simply be 
swept up in loam, although the centre and arms m^ht be 
moulded in green sand from full patterns. 

The same pattern wilt usually serve for both solid and split 
SpUtUng and pulleys, but it requires to be specially prepared if 

Bolting, the pulley is to be split 

It is usually sufficient to split the casting of a pulley just as 
it comes from the foundry, then to bolt the two halves t<^ether, 
and afterwards to pass the pulley on to the turner. 

In some very special cases, pulleys are cast in halves, the two 
halves planed on their faces (that is, where the two halves go 
together), the holes for the bolts drilled, and the halves con- 
nected with turned bolts carefully fitted into their holes. 

The splitting and bolting of an ordinary pulley, or the planing 
of the faces in special cases, are, of course, all done previously to 
the turning up of the rim. 

Very small split pulleys often appear, relatively, very costly, 
owii^ to the fact that the two halves cannot be bolted in the 
usual way, but have to be connected by dowels and cottars, 
which are frequently very troublesome to put in. 

Lai^e or heavy pulleys which are not required to be put on 
the shaft in halves, are, nevertheless, frequently split in the 
centre by having two or three flat cores inserted in the mould. 
This is done to relieve the strains which are liable to be set up 
by unequal contraction. The centre is afterwards hooped with 
wrought iron — the rings being put on hot This, of course, 
means extra expense. 

Belt pulleys have their rims finished either flat, or curved 
more or less convex, the latter kind beii^ variously styled 
"crown," "round," "rounding," "curved," or "convex faced." 
Where the belt from a pulley is to drive on to fast 
Curved Wms. ^""^ ^°ose pulleys, the pulley will have a flat rim ; 
but where the belt will always run in the one 
plane — that is, will not require to be shifted from side to side — 
the pulley will have a rounded face. 

The cost of pulleys with round faces is, of course, higher 
than the cost of equaUsized pulleys with flat faces ; and the cost 
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of pulleys which are split and bolted is higher than the cost of 
solid pulleys of the same dimensions. 

There are consequently two elements of extra cost which 
frequently arise and must be charged to the buyer, when in- 
curred, either specially as extras, or in the price chained for the 
-^^ pulley as a whole — viz., first, the extra cost of 

Qi^Mg, splitting and bolting or making the pulley in 

halves ; and, second, the extra cost of rounding 

the face. Very often both these extras occur in the same pulley 

Other extra charges arise when pulleys have flanges cast on 
one or both sides ; when they are made of extra strength ; and 
when some departure from the ordinary or standard type or 
dimensions is desired, 

A question frequently discussed by engineers is whether 
pulleys ought to have straight or curved arms. Both types 
have their advocates ; but the curved arm would now appear to 
Stpalihtop *** '"°*' generally recognised as the right thing. 
Curved Arms. ^° *^*'> however, as the cost of making pulleys is 
concerned, the question of curved versus straight 
arms is of little importance, The only difference in cost arises 
in the pattern-making — the straight arm naturally costs a little 
less to make at this initial stage than the curved arm. 

A cast-iron belt pulley is so elementary a structure, and the 

workmanship on it of so simple and straightforward a character, 

that there would hardly appear room for much difference to 

„ , . „ occur between the cost of manufacturing a pulley 
■anuiaotiire. . ,ii.i t. 

of a given si2e in one establishment and the cost 

in another. Nevertheless, very considerable differences are 

found, arising partly from differences in the character of the 

metal used in the foundry, but still more from the greater 

care and thoroughness with which pulleys are finished in one 

shop, as compared with the way in which such work is done in 

another. 

In a general engineering establishment there is but little 

chance, as a rule, of effecting any particular economy in the 

cost of manufacthring pulleys, owing to the great variety of sizes 

and conditions in and under which they have to be made. The 

only occasions on which any special economy can be effected, 

are when a large number of pulleys of one size are ordered at a ■ 

time, as in the case of the pulleys for the line shafting of a 
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weaving ^ed. Arrangements can then be made for turning 
two or three pulleys at a time in the same lathe, and a very 
considerable saving of time may be thus gained. 

In machine shops the conditions are much more constantly 
favourable to economy. In such works, very large numbers of 
pulleys, mostly of small sizes, are required, and the cost of their 
manufacture may be brought very low. Handy labourers are, 
in many cases, put at the lathes, and are paid so much per 
dozen pulleys bored or turned, or both. 

For convenience in quoting prices for pulleys, or charging 
up accounts, most establishments either arrange a complete 
graduated price list, or adopt some scale or rule by which to 
calculate the price of any given pulley. The two 
most common bases of calculation are the weight 
of the finished pulley in pounds, and the area of the face of the 
pulley in square inches. There can be no doubt that the latter 
basis is decidedly the more scientific of the two, and is the best 
on every ground, except, perhaps, from the point of view of those 
who believe in putting in plenty of weight into machinery which 
is to be sold by the pound or ton. 

Whichever basis of calculation is adopted, it will be most con- 
venient to regard every pulley, first of all, as being solid (not 
split) and flat faced, and then to add extras to the price so found, 
for splitting and bolting, for rounding the face, or for flanging, 
by a pre-determined percentage. It will also be desirable to 
graduate the rates per pound or per superficial inch, to some 
extent, according to the size of the pulley. A rate that would 
be quite fair for a pulley 8 in. diameter by 4 in. wide, would be 
too high for one 48 in. diameter by 12 in. wide. Two or three 
comprehensive divisions, as in the scale which follows, will 
generally be sufficient 

Where pulleys are priced according to weight, the average 
rate per pound in some establishments is put as low as 2^d., 
whilst in others it is put at 3^t/. A mean between these two 
extremes ought to represent a fair rate at which most houses 
should be willing to work Where the price is calculated 
according to the finished face of the pulley, the average rate for 
solid, flat-faced pulleys is, in some places, put as low as three- 
eighths of a penny per superficial inch, whilst in others it is put 
at three-fourths of a penny per superficial inch. 
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The table given after the following examples exhibits a 
convenient scale and fair rates on the superficial basis of 
calculation. A complete price list 6f all ordinary sizes is, how- 
ever, to be preferred as more convenient, though the preparation 
of such a price list is decidedly tedious. 

Following are a few examples of costs and prices, with 
reference to which it should be mentioned that the pulleys were 
made from the stock patterns of a general engineering establish- 
ment ; that is to say, from patterns which were not made all at 
one time, in accordance with one general design, but were made 
as required, over a period of many years, and contained in con- 
' sequence more than one modification of design, according to the 
ideas that happened to prevail in the drawing office at different 
periods. The weights, therefore, are not so strictly proportionate 
as they might be made. 



EuMFLB No. 43.— Cost of cast-iron pulley, 66 in. diameter b; i 


in. wide, 


made extra strong and with hea-vy lim, so as to serve as a fl;-nheel, sjdit, bolted, 
and with one key-bed slotted and turned convex on face. 


£'.<!. 


CutlroD 

KSfrr-.: :: :: :: :: 


13 


.. A 


£ '■ d. 

i 8 ^ 


3 3 
a 3 9 


p.ler-Splijtt^«d boiling... iti „ 

UOCllpUUttll 96 „ 

^^^SS-^.r^. :; :: 






I'll 

616 5 

9 I 



Cluc|«d £14, last H par cant. 



This example is introduced as illustrating one of the 
numerous "special cases" which arise in engineering practice. 
It will be seen that an ordinary belt pulley pattern was taken, 
strengthened and made sufficiently heavy for the purpose in 
view. It will be observed that although this pulley was split. It 
had a key-bed cut in it It is not usual for pulleys which are 
split and bolted to have keys also ; a pulley which is bolted in 
halves hard upon a shaft will usually hold sufficiently by 
friction only. Sometimes, however, when a heavy power is to 
pass through a split pulley, a key is fitted as well to make 
assurance doubly sure. 
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ExAHFLB No. 44,— Cost of cast-iTOD puUey, Bo in. diameter by 


I in. wide, 


split and boiled, bored 8 in. diameter and turned 






I '■ <*. 


C..H,^^.^. 
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;t 


£ •■ * 














Turner— Wa^ea paid ., lot hoan 
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PuiieTd maker*— Enlarging eenirs 

UaterialtandwaGH 
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Gro.acosl 










6.7 7 



Cursed £11 lit, lu , leu It perccDt. hide equal ( 
per lb. weighli Itiefiuiahe^weigliLbaiagBi 

The price per superficial inch for the pulley in last example 
may appear high, but a pulley of this diameter cannot be con- 
sidered of ordinary dimensions, besides which the width of the 
rim relatively to the diameter is small, hence a comparatively 
high rate is to be expected. 

ElxAMPLB No. 45. — Cost of one pair fast and loose pnlleys 6«| in. diameter 
by 9 in. wide, loose pulleys bushed with brass, both split and bolted, and joints 
of loose pulley planed. Kims swept np in loam. 



£ 1- d. 


SZ»;^ei".':^l. :; :: :: 

BoluindDUU 

Smilni wage. ,, .. ,, .. 

Tan.^.-Wageapaid .. .. rlhon,, 
Pa'iem m.kma-W.ge.' 'piii'.'. It '.'. 

Ex^^ff'T* :: :: :: :: 

GroiaooU 


.0 


I. d. 

9 


ill' 
I'U 


J 3 6 


tu 



Cbaigsd £16 iji., lets it pet u 



This is another example of a " special case." The ptiUeys, it 
will be seen, are treated entirely as loam castings ; the rims 
having been swept up in loam, it was considered that sufficient 
loam shop expenses had been incurred to justify the metal 
being put down at the loam shop rate. 

It is generally considered objectionable to make a loose 
pulley in halves, and this should not be done where it can be 
avoided. In this case, however, a solid pulley could not have 
been got on the shaft without taking down a portion of a 
building, at very considerable cost and much inconvenience. 
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Estimate for a pulleys, stc, profit n 



ExAUPLB No. 4S. — Cost of cast-in 
vex on (ace, one kej-bed slotted. 


M pulley, J4 ia 


by 4 in.. 


wild, turned con- 
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ExAUnx Nix 49— Cost of 4 cast-iron 
bolted, and tnrned round on face. 


pulleyi. each 31 in. by S in. 


split and 


£ •■ A 
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£ ». 4 
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Cbuged £1 ics. each, !•» li pei cent,. beiDesgual lajd. pet laperGcial inch of rim. a — 

moia Ihan jlif. per Jh. of tba Golilied indflit, tacter balng fi cvl. o qr. 7 lb. 
Example No. 50. — Cost of 7 cast-iron pnlleys, each 30 in. by 8 in., split and 
bolted, and turned round on face. 
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EXAHPLB No. 53.— Cost of I CMt-tFOQ polloy, I4 

flat on face and bored 3| in, diameter. 


in. by » 


n., solid, turned 


cud. 


Cmiron 

Moulders' wige* 

VSZ.^ r :; :: ; : 

M>l«U]*«idwi|t» 

Eipeiuei 

Gnncott 




I. If. 


£ >. d. 
I J * 


007 






S 7 



Clurg€d yn^ Ixing eqoal M ■ fnction n 



r (rf. per mperficiaj inch ol 



The two last examples are useful as illustrating the hij^h cost 
of a narrow pulley as compared with the cost of a wide one of 
the same diameter. It will be seen that although the narrow 
pulley was chaiged over \d. per inch (really too low a rate for 
so narrow a rounded pulley), the percentage of profit on the 
cost was less than half that shown in the case of the wider 
pulley, notwithstanding that the latter was charged considerably 
less per inch. 

Of course this is accounted for to some extent by the 
circumstance that the narrow pulley had a rounded face and the 
wide one a flat face ; but still more by the facts that the weight 
of the casting relatively to the width is necessarily greater in a 
narrow than in a wide pulley, and that, as the time occupied in 
preparing to turn and bore a narrow pulley is practically the 
same as for a wide one, the cost of turning, and indeed of all 
other elements of workmanship, relatively to the width, is 
greater in a narrow pulley than in a wide one. There was, 
however, in the particular case of this narrow pulley this 
additional circumstance (which often occurs, as already 
mentioned), that a considerable proportion of the metal was cut 
to waste, the pattern being some inches wider than the specified 
width of the pulley. Of course the superfluous width of a 
casting is, in such cases, cut off at once before the actual turning 
up of the rim commences, but it nevertheless means an ad- 
ditional amount of turner's time quite appreciable In so small a 
job, apart from the value of the metal thrown away. The wider 
the pulley the lower may be the price per superficial inch of the 
rim up to the point when it becomes necessary to use two cast- 
ings to make the pulley required. 
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EiuHFU No. 54.— Cost of 50 ca»l-iroa pullcjs, 16 


m.bjBiil 


vut. 


nd bolted. 


£ •. -. 

I'll 


C-liron, 

slinb°«d hl^wl^^S^d " I'lbmri 
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Example No. 35.— Cost ot 30 cast-iron 
and bolted, bored 2jia., aod turned flat on 


pulleys, 14 in. diameter 
Iac« and balanced. 
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a in. 


split 
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Cturged xa. eicb, being equal la /fi, par uperficul inch of rim. 

The pulleys illustrated by the two last examples are two very 
common sizes, being often required in large numbers for 
spinning mills and weaving sheds. They are consequently 
sometimes offered at very low prices by firms who have them 
very cheaply made by piece work. The writer has known 14 by 
12 pulleys supplied at tts. 6d. each. The pulleys were 
decidedly light, very rough castings, and roughly finished. 
Very common prices for this size of pulley are from 14^, to 
16s. 6d. each. 

It may be asked : " What does it matter whether a pulley is 
rough or not so long as it will do its work ? " There are, 
however, still people who like to have the satisfaction of 
knowing that everything they have is good, whether it is 
absolutely essential to be so or not, and who are willing to pay 
a fair price for that satisfaction. Lower prices might have been 
taken than those mentioned in the two last examples and still 
left a profit, but the prices given were, in both cases, readily 
paid, as very good jobs were made of the pulleys. Single 
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pulleys of these dimensions would, of course, be charged at a 
much higher rate — 20 to 30 per cent, higher. 

4 in. wide, Eolid, rounded 



£ ,. d. 






». J. [ £ .. d. 
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Charged Ilt-.tMlsg •qnal la nurljitd. per inpeifclBl Inch— abvionty ( verr coitl 
MiadMdvnnflpDll^of thUUndgeoinlljnro. II will ba onUd that lb« p<UkT wu inw^ 
dcillj durfad at con prica in tbli cu«. 

The examples which have now been given will have suffi- 
ciently illustrated the variation in the costs and selling prices of 
cast-iron pulleys, according to the three determining elements — 
viz., kind, size, and quantity made at one time. 

It will be noted that the split and rounded pulleys were 
charged at from \d. to id. per superficial inch of the rims. 
Most general engineering establishments can make such pulleys 
to sell at these rates and to leave a good profit, whilst many 
works would supply them for less. As previously mentioned, 
however, it is generally most convenient, in determining the 
price of a pulley, to treat it as being solid (not split) and with a flat 
face, and to arrive at the price, if split or rounded, by percentages. 

The following diagram exhibits what the writer considers a 
fair scale of rates — that is to say, rates at which a general 
engineering establishment can supply pulleys and at once give 
good value to the buyer and earn a reasonable profit 
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SCALE OF RATES FOR CAST-IRON PULLEYS. SOLID (NOT SPLIT), 
WITH FLAT TURNED FACES. CENTRES BOEED, AND ONE 
KEY BED SLOTTED. NO KEYS INCLUDED. 
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Standard Sizes. — Any diameter advEncing hj i in. at a time from 6 in. to 
ao in. ; by 2 in. at a time from ao In. to 30 in. ; by 3 in. at a time &om 30 in. to 
60 in. ; and b^ 6 in. at a time from 60 in, to 84 in. Auir width of &c« advancing 
by I in. at a time from 3 in. to 18 in. Intermediate sizes to be charged same as 
the next highest standard size. Lw^er sizes special. 

Of course a scale on a plan of this kind may be " shaded " to 
any required degree, but the above is quite sufBcient for all 
practical purposes, and indeed many people would consider this 
scale " shaded " more than is necessary. According to this 
scale a solid, flat-iaced pulley iS x 6 would be rated at |^ per 
inch, one iS x 9 at |i/. per inch and so on with the extras 
added when incurred. For example, the price of a pulley 
20 X 6 — split, bolted, turned round on face and bored would be 
found as follows : — 



m K 6 pnllej u (d. per snperficliil Ind 
ExtiH for icmndiog ace mt 3 per ceDt. 
., H ipUlling unA baiODt M lO pc 



The prices determined by this scale would allow a discouut of 
5 per cent, for single pulleys to ordinary users, and a discount 
of 10 per cent to merchants or to users ordering a large number 
of pulleys at a time. Many firms would be satisAed with a 
scale ranging from :^ to ^ less than the one above as their 
basis. There are, however, objections to a scale of this 
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character, and it is no doubt better to prepare a complete 
detailed list of prices, after the manner of the following table, 
which contains two lists which may be taken as fairly repre- 
sentative of the rates charged by firms which make a specialty 
of this kind of work. * 

PRICE LIST OF CAST-IRON PULLEYS. 
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During recent years wrought-iron pulleys have been very 
lai^ely introduced, and have seriously affected the business of 
general engineers so far as pulleys are concerned. They 
undoubtedly have many recommendations, though 
ipon^ifevH ^' ^^y ^ questioned whether, if the merits of each 
' of the two classes of pulleys were carefully added 
up, the balance would be found so very decidedly on the side of 
wrought iron as against carefully designed and well made cast- 
iron pulleys ; whilst for heavy work at least the latter 
unquestionably have the advantage. 

At present, wrought-iron pulleys are almost solely made by a 
few firms who hold patents for certain features of construction ; 
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and hence general engineers who are called upon to supply 
wrought-iron pulleys, either to their regular customers who take 
a fancy that way, or as part of some contract, simply buy the 
pulleys fro^i one or other of the special makers, and content 
themselves with the trade discount allowed by them. 

There is, however, no reason, apart from questions of patent 
right, why general engineers should not design and make 
wrought-iron pulleys themselves profitably, provided only that 
their works are fairly well equipped and especially if the works 
include a boiler shop. 
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CHAPTER X. 
UILCWRIGHT WORK, continued.— ROPE PULLEYS. 
The application of ropes to the purpose of transmitting heavy 
powers, as in the main drives of modern cotton mills and other 
works, if we have regard not merely to the novelty of the appli- 
Davfllonment <^^''°'' ^"' *'^° *° ''^ advantages and extent, must 
of Rope be considered one of the most remarkable develop- 
DrlTins> ments which has been made in mechanical en- 
gineering during the present generation. Doubtless a rope or 
cord of some kind was the very earliest form of driving band 
employed ; and engineers have long been familiar with the use 
of ropes for certain special purposes, as in hoisting gear for 
example, and for transmitting light powers across considerable 
spaces, but rope driving in the sense in which the phrase is now 
generally employed may be said to have been practically 
invented within the past twenty-five years. 

When Sir William Fairbairn wrote his " Treatise on Mills and 
Millwork" he dismissed the subject of rope driving with a 
merely casual reference; but certainly no one would now think of 
writing a treatise on mills and millwork without devoting a 
considerable section to main driving by ropes, no matter how 
partial he might be either to gearing or flat belts. 

It is safe to say that the next quarter of a century will see a 
still greater extension of rope driving than has taken place in 
the past There will of course always remain conditions under 
which either flat belts or wheels will have unquestionable ad- 
vantages over any other method of conveying power and wilj 
therefore be used. It must also be admitted that a rope drive 
is sometimes very costly, that it takes up considerable space, 
and may involve a certain loss of power. Nevertheless, two 
considerations alone — the ease and smoothness of a rope drive, 
and the facility with which it lends itself to high speeds, both of 
engine and machinery, will be in innumerable cases sufficient to 
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determine owners of power in its favour. And certainly it is 
something to be thankful for, when so much in mechanical 
engineering is almost unavoidably both ugly and noisy, that so 
graceful and quiet a method of transmitting heavy powers, as we 
see in a well-arranged rope drive, possesses so many practical 
advantages and daily finds people wdlling to pay for it. 

However, it is not so mudi witli the merits, practical or 
aesthetic, of rope driving that we are here mostly concerned, 
but v/ith its manufacture and cost 

At the same time it is desirable to briefly indicate the 
Conditions ^<3iis'derations, at once practical and commercials 
FavouFableto which must in any given case determine whether a 
Rope Drives, rope drive shall be adopted or not. They are 
principally : — First, can the prime mover be arranged mth its 
shaft pamllel to the principal line shafts of the mill or other 
works? 

Secondly, can direct access be obtained from the fly-wheel to 
the principal line shafts to be driven ? 

Thirdly, can a section of the house be built off, so as to form 
a space enclosed from the rooms in which the manufacturing 
operations are carried on, to constitute the race for the ropes ? 
This consideration is important, in view of the communication of 
fire from one floor to another in houses containing a number of 
floors. It is obvious that where ropes simply drive through 
openings in the floors, these openings, as in the case of an 
unenclosed hoist, offer the most perfect facility for the commu- 
nication of fire from one floor to another. 

Fourthly, will the prime mover and the machinery to be 
driven run at high speeds? Rope driving is generally unsuitable 
where the prime mover is a water-wheel or a beam engine, 
though perfectly suitable for horizontal turbines driving high 
speed machines. 

Lastly, can sufHcient space be allowed to provide a liberal 
number of ropes for the power to be transmitted ? This 
consideration is of the utmost importance, A rope drive is 
distinctly unsuited for any case where, owing to structural 
difSculttes or cost, ample space cannot be allowed. When a 
certain number of ropes are only just sufficient at the speed at 
which they are running for the power to be transmitted, they 
must either be stretched very tight and thus set up excessive 
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friction in the journals, or there will be considerable slip, rapid 
wear of the ropes, and loss of power. A liberal margin in the 
number of ropes with reference to the speed and power is 
absolutely essential to a successful rope drive on any con- 
siderable scale. 

Where the queries which have just been put can all be 
answered in the affirmative we have the best possible conditions 
for a rope drive. Hence the peculiar suitability of modem cotton, 
and woollen mills for rope drives, also, in a. less degree, modem 
flour mills. A weaving shed does not offer quite so favourable 
a iield for rope driving. The number of shafts to be driven, 
with reference to the total power, is so great that it is usually out 
of the question to drive all, or even a large proportion, direct 
from the engine fly-wheel ; whilst the shafts are too close to- 
gether to allow one to be driven from another advantageously. 
Hence the best practice is to drive by ropes direct on to one 
or more main shafts running the entire length of the house, and 
to drive the cross shafts from which the looms are driven by 
bevil gear from the main shafts. 

The ropes used for rope driving are usually of hemp or cotton, 
and range from one to two inches in diameter. They are, 
however, described by their girth, or circumference, as often as 
by their diameter. The price, of course, varies, 
but fine Manilla hemp ropes, suitable for driving 
purposes, may be bought at about 46^. per cwt. 
In ordering the ropes for any particular drive, a considerable 
length — nine to ten feet — must be allowed for the splicing. The 
ropes are sometimes used plain, but more frequently they are 
thoroughly smeared with some preparation of tallow and 
plumbago. Saturation in molten paraffin wax is recommended 
for increasing the flexibility and prolonging the life of ropes 
used for driving purposes. 

Single groove rope pulleys of standard sizes may be moulded 

in green sand from full patterns made in halves, that is, cut as it 

were right through the bottom of the groove 

Bonding transversely to the axis. The making of the 

Rope Pulleys. - t . - *v- - j j 

pattern m halves m this manner is rendered 

necessary by the obvious impossibility of removing a whole 
pattern from the moulding box or flask after the sand has been 
rammed into the groove. 



Class of 
Bopes. 
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Pulleys with more than a single groove but of moderate sizes 
may have the rims swept up in loam, using a board cut to form 
the grooves, and the arms and centre formed by sand cores. 
Lai^e pulleys and pulleys with many grooves are invariably 
moulded entirely in loam. There is no reason, however, 
why rope pulleys of moderate dimensions should not be 
moulded in green sand from small segmental patterns on the 
same principle as wheels are moulded in the wheel-moulding 
machine. 

Like common pulleys, rope pulleys may be either solid 
or split. It is a convenience to make pulleys lai^er than 
about 8 ft, in diameter in halves in any case ; whilst 
rope fly-wheels are almost necessarily made in smaller s^* 
ments. 

Following are a few representative examples of costs and 
estimates, and tables of weights and prices. 

BxAMPLB No. 58.— Cost o£ 4 cAst-iron rope pulleys, eacb 14 ia. in diameter, 
with two grooves turned for sl-in- ropes, pulleys cast in halvea, joints planed, 
centres bored to gauge, and pulleys balanced. 



r.-istiron(1«mrimt) .. 
Mi>iild«n' wufli ., 
16 bolis uid 3> unta 
> { Smiihi' wagH .. .. 
Planer— Wkis* paid 

r I Apprsntics d[tlo (balancing £ 
I I I'llieiD maker*— Wagu piid 

~'j Materbli and vuei 

\ Bipaiuea 



Charged aa fallows is tba SaIn Book, vii.:- 



I c*s1-<roii rapa poltsTt, eacb 14 io. diameter, 
wllh iwo Eroovaa, can inlulvu jolnta 
plaD»d. halTBt bolted with | .Inch bolU 
and double auta, groovai tarood and 
polillied (or 3i-lacb ropei, cenlrea boiert 
I0 Rarue, pnlleri carefullf lutanced. and 
incladuig a proportion of ooil of ipecial 



One or two points in the above should be noted. It will be 
seen that the wages paid to the planer are very small in com- 
parison to the number of hours, the explanation being that the 
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man worked two small machines, and had both going at the 
time he did this work. The number of hours returned against 
the pulleys h the number that the planer had them in hand, but 
he was working on another job during the same time. We 
touch here a question with which we shall have to deal when 
treating of cost accounts. SufHce it to say now that the sum 
set opposite the time in this case was fixed by the cost clerk, 
who kept in view the other work that the planer was doing at 
the same time. 

The sum opposite pattern makers will also appear small. 
Examination showed that a considerable amount of the work 
had been done by an apprentice in his last year. 

Having reference to the amount of work done in this case by 
apprentices, the charge made for the pulleys must be con- 
sidered very moderate. For it must be mentioned that a 
manufacturing engineer is fully entitled to derive all the ad- 
vantage he can from his apprentices. It does not follow that 
because a job costs less than usual, owing to the fact that 
apprentices have done a large part of it, it should be charged 
less than what may be considered the normal price to the 
buyer. The engineer is entitled to what benefit he can get 
under such circumstances ; besides, it is nothing but ordinary 
prudence to charge the normal price in these cases. The order 
may be repeated at a time when apprentices cannot be utilised ; 
but if a job be charged low at one time it will be very difficult 
to get a higher rate on a future occasion, there having been no 
rise of prices in material or labour generally in the interval to 
account for the difference. 
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EuMPUt No. Co.— Cott of one 48 m. and one 36111. rope policy, each vitb 
two groove* for ij-in. (or 4-in.) ropes, tninod. bored, slotted and balanced. 


£ ,.d. 

S 1.1 
116 t 
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KS"^.7r. :: - ;; 
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u d. 
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Fiiilibedini|bU,3Cin.3q[. lolb, uidicwt.oqr. lolb. Cbargsd ,£8 1 jia >>*■ 4 PO*"'u 
boisg U the tale of jji. per cm. 

Example No. 61. — Cost of two rope pnlleys, 39 in. in diameter, and two 36111., 
each for three 5-in. ropei, all cast in halves, planed, bolted, bored and tnriKd ap 
in grooves and balanced. Bolts tnmed and bolt holes drilled. 
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-_-_ ....... ... . . jewL.qr. TeBder.£30iu,M, 

leu 1) P" (Wil., Ih1i1(U ItMntaef jji. par cwt. ot Ibe BatimUad £iii>lied weiclii. 

The castings in last example were somewhat heavier than 
they ought to have been, and the time machining was greater 
in consequence than ought to have been necessary. At the 
same time, there can be no doubt that the weight was slightly 
under-estimated when the tender was prepared. The estimated 
weight, finished, was 17 cwt. 2 qr. It no doubt ought to have 
been 18 cwt z qr., and this would have made the tender 
£^2 7s, 6ii, instead oi £3,0 12s, 64. The profit would con- 
sequently have been at the rate of nearly 35 per cent, on the 
gross cost, instead of at the rate of a trifle under 30 per cent 
However, there is frequently an element of consolation in cases 
of this kind where work has been under-estimated. Instead of 
dwelling upon the appstreiit loss of the 35s., we may reflect that 
if the tender had been this amount higher, the order itself might 
have been lost. 
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ExAHPLx No, 63. — Cost of one rope pulley 60 in. diameter, hy 4 grooves, for 

Si-in. TOpea, cast in halves, joints planed, bolt boles drilled, bolts turned and 
puller balanced :— 



Tdidsi (pulIaT>-Waga paid .. aS 

Slottar (bdiig jomU c^ tbi tin h^tct) 

— WunHid II 

Driller g 



Filler— Bolting Mid balucing 



Uiteilili udmsei . 



7, leu il per etau, being at Iha lUe 

It will be noticed that the two halves of this pulley had the 
joints faced in the slotting machine. Work of this kind is 
usually more conveniently done in a good slotting machine 
than on a planer, and at a somewhat less cost, as a rule, in 
wages. 

ExAUPLB No. 63. — Cost of one rope pnlley 72 in. diameter, by 5 grooves, for 
5} in. ropea, and one pullev 50 in. diameter, same grooves, Ixith cast in balves, 
joints planed, bolt holes drilled, bolts turned and pulleys balanced : — 
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The workmanship generally, but more particularly the items 
of pattern makers, drillers, and fitters, as shown in above state- 
ment of cost, must be considered rather excessive. The rate of 
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profit on the gross cost is, in consequence, comparatively low, 
being, when the usual discount is deducted from the price, only 
about 15 per cent There is, however, to be kept in view the 
fact that in addition to this profit the engineer has obtained 
payment for the patterns, which he retains. In this instance the 
patterns, which would consist of loam boards for moulding the 
rims, and boxes for forming the arms and centres, were prob- 
ably entirely new. It would be a mistake to put too much 
value on such patterns, as the chances of using them again 
without extensive alterations are usually not very great. 



Example No. 64. — Cost of rope pulleys, a 
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Example No, 6^ — Cost of one rope puller ge in. ia diameter, by 7 grocvet, 
for jj-in, ropei, rim solid, centre sptit and iiooped with wrought-iron hoops. 
Alsa oDe pulley Go to. diameter, with 3 ^ooves, and one 50 in.' cUameter, wilfa 4 

frooves, both solid, and to work with 96 m. poUey, all bored, tnnied, slotted and 
tied wiih keys. 
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ESTIMATSD WaiCBTS AND PRICES OF ABOVX ROPB PULLEYS. 
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QummI £61 DC), delivered free «■ nil* [rnakan' lown). 

These pulleys were for existing shads in a mill at some dis- 
tance, and were to be keyed on mandrils in the makers' works 
to save time when erecting. It was known that existing man- 
drils could, with some slight alterations, be utilised, otherwise, 
of course, the charge for preparing the mandrils would have 
been greater. Gauges were supplied by the mill-owner. 

The examples which have now been given will sufficiently 
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illustrate the character of the work which presents itself in a 
general engineering establishment in connection with rope 
pulleys. It will be seen that the cost of the pulleys in these 
examples ranges from about 341. per cwt. to a little over 17*. 
per cwt, whilst the selling prices range from 401. to 20s. per 
cwt The cost of the castings alone runs from i is. to gs. per 
cwt. Rope pulley castings can be bought by engineering iirms 
who have no foundry of their own from founders at from about 
12^. per cwt for the lightest loam rim castings to gs. for heavy 
castings, all patterns, boards or core boxes being provided by 
the buying firm. 

One or two houses, who make specialties of mill castings, 
will supply engineers with ordinary rope pulley castings ready 
for the lathe, to specification, and including all preparation of 
patterns, at about the following rates, viz. : — 

PnlleTi Dader j cv 



J —.1. ud Maria M 

Pnltejq of 10 



Pulien of « cm. „ 40CHt. 

£itr> for cutlag io IuItbi fat pUning, (boot u, pa cwi. 

Rope pulleys above 8 ft, in diameter are rarely required. 
Rope fly-wheels are, of course, made much larger than this, but 
these will be dealt with in connection with engines. 

It will be noticed that, with one or two exceptions, the 
examples just given deal with pulleys in pairs or sets. It is 
rare for only one rope pulley to be ordered at a time. Single 
belt pulleys are frequently ordered with a general engineering 
house, the pulleys being required to drive direct on to machines 
with which pulleys are provided ; but as ropes are principally 
used to convey motion from one line shaft to another, or from 
the engine to the line shafts, and rarely for driving direct on to 
machines, at least two pulleys are generally required at a time. 

In example No. 65, three pulleys constituted the set, the 
power being taken off the 96 in. pulley by three ropes on to the 
60 in. pulley at one side, and by four ropes on to the 50 in. 
pulley at the other side. 

As with belt pulleys, a list ot prices for convenience when 
quoting is almost indispensable to any house intending to do 
much in rope pulleys. We append a list giving prices and 
approximate finished weights for the most common sizes. For 
the sake of comparison, the prices of a second house are also 
given, but it must be understood that the weights only apply to 
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the prices opposite the A's, exact particulars of the weights 
corresponding to the prices opposite the B's not being avail- 
able :— 

Table of prices and approximate finistaad wdghta tor grooved pnllejs for 5H11- 
ropes (pitch of ^roovei 3^ in.), pulleys solid. Prices include bOTin^ 
toiniiig, and slotting key-bed. 
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The above rates may be taken as subject 
counts, ranging from 2i per cent, in ordinary 
10 per cent in special cases, or to engineers 
again. 
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CHAPTER XI. 
illLLWRIGHT WORK, continutd.— TOOTHED GEARING. 

Up to a comparatively recent date toothed wheels were almost 
universally employed as the first, and in innumerable cases as 
the only, distributors of the power of prime movers. Of late 

Wheels y^"^' however, and principally under the influence 

versus of the demand for higher speeds, the position 

ruJeys. formerly occupied almost exclusively by toothed 

wheels has been in a constantly increasing measure filled by 

ropes and wide belts. 

We have previously referred to Fairbaim's " Mills and Mill- 
work," a work which will, of course, long remain an engineering 
text-book. It is interesting to observe the complacency with 
which the distinguished author regarded the fact that toothed 
gearing was, at the time he wrote, so universally employed in 
the great manufacturing districts of the North of Ei^land. 
Wide belts were then beginning to be used in London and the 
South, but the great engineer entertained no doubt that the 
North was right in holding steadily to toothed gearing. We 
now see that in this matter of power distribution, as in so many 
others, the country has to a very large extent followed the lead 
of London. 

It is still more singular to observe how a great advance in 
mechanical science and skilly which has been made at one stage 
of manufacturing operations, as evidenced by the higher speeds 
at which modem machinery of conversion is driven, has been 
concurrent with, and in a very lai^e measure has compelled the 
adoption of, what must be considered less scientific and exact 
methods of distributing power. 

Two of the principal objects which the scientific millwright 
has in view are : First, to secure an exact and constant velocity 
ratio between the prime mover and the machinery to be driven ; 
and secondly, to reduce the friction on his journals to a mini- 
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mum. It cannot be qaestioned that, theoretically always, and 
practically also, when they are properly designed and carefully 
made, toothed wheels are better calculated to secure the two 
objects named than either belts or ropes. Hence, in resorting 
so lai^ely to the latter in these days for distributing power, we 
are not adopting the most exact and scientific means that would 
appear to be available. It would thus seem that the machine • 
maker had distinctly outrun the millwright 

Notwithstanding, however, the popularity of ropes and belts 
at the present time, toothed gearing is likely for a long period 
yet to constitute one of the most important sections of a general 
engineer's business, although it may not bulk quite so lai^ely 
in it as in some former days. Certain heavy classes of 
machinery — rolling mills, for example — must almost necessarily 
be driven by gearing ; a large proportion of the shafting in 
most manufactories is still most conveniently and advan- 
tageously driven by wheels ; whilst, apart from entirely new 
installations, large numbers of wheels are required for those 
renewals, alterations, and extensions of existing establishments 
which' form so large a proportion of the work which passes 
through a general engineering shop. 

Moreover, it is by no means certain that gearing will not 
recover some of the ground which it must be held to have lost 
of late years in the estimation of power consumers. The 
adoption of more perfect forms of teeth, and especially of 
various modifications of stepped teeth, as in the now well-known 
types of helical wheels, and the use of the wheel-moulding 
machine, enable wheels to be made to-day which are quite 
suitable for speeds which would have been thought pre- 
posterous not many years ago ; whilst a more general resort to 
cast steel as the material for wheels will no doubt permit a still 
further advance. 

Toothed wheels present themselves in an engineering estab- 
lishment in a considerable number of different forms and 
modifications. We have, iirst, the general division of spur 
wheels, bevel wheels, screw and worm wheels. 
^ meS**^ All these may be either solid, cast to split, or cast 
in halves. Spur and bevel wheels, again, may 
be entirely of metal, or may be mortice wheels — that is, 
have wooden cogs; and may either have plain open teeth 
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or have the teeth flanged or shrouded. The shrouding may 
be the full depth of the teeth, or carried only to the pitch 
line. 

Again, wheels may be put into use literally as they come 
from the dressii^ or fettling shop, as in some cases of very low 
speeds, or, on the other hand, they may be bored, slotted, 
turned up in the lathe on the face and ends of the teeth, and 
have the teeth accurately "pitched and trimmed" either by 
hand or by machine, and finally be carefully balanced, as ought 
to be the case with all wheels intended to run at high speeds. 

There are at le*tst four distinct methods in which wheels may 
be made : — 

Firstly, a casting may be made with a solid or blank rim, 

and teeth be cut out by a milling machine having special 

cutters, and provided with dividing apparatus for 

Methodsof ^jjg purpose. This method is as yet rarely used 

for any but comparatively small wheels. 

Secondly, the wheel may be moulded from a full pattern. 

Thirdly, the wheel may be made by having the rim moulded 
from a small segmental pattern by the aid of the moulding 
machine, the centre and arms being formed by dry sand coversv 

Fourthly, the wheel may be made in segments, the rim seg- 
ments being either moulded from a. full pattern or by machine, 
and the segments subsequently built up to form the complete 
wheel. 

Large geared engine flywheels are generally made in the 
latter manner. In whatever way the wheeb may be mad^ the 
castings are invariably greensand castings. 

The introduction of the wheel-moulding machine undoubtedly 
constitutes the most important advance which has been made in 
connection with the manufacture of wheels. It is safe to say 
that by far the larger proportion of new wheels now made for 
mill gearing are made by liie aid of the machine. 

Whilst several wheel-moulding machines are now offered, 
they are all the same in principle, the essential features being a 
, ^dial arm to which can be attached the block pattern for the 

^j^gjjjpg. teeth at the proper distance from the centre, and 

Moulded which admits of being very accurately turned 

Wheels, round upon its centre ; means for withdrawing the 
block pattern from tiie sand after the tooth (or teeth in some 
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cases) has been moulded, and for returning the pattern 
preparatory to moulding further teeth ; and accurate dividii^ 
apparatus. 

The use of the machine not only eflfects a considerable saving 
in the cost of making patterns, but secures a greater degree of . 
accuracy in the castings themselves than can be obtained when 
full patterns are employed. This advantage obtains even as 
compared with castings made from new full patterns, and of 
course very much more decisively in the case of wheels moulded 
from patterns which have been used once or twice or stored for 
a considerable time. A third advantage, by no means un- 
important, is the saving effected in the space required for the 
storage of wheel patterns. Hence a wheel-moulding machine 
of some kind has become indispensable to any firm wishing to 
command any considerable business in mill goring. 

The following are a few typical examples of costs and 
estimates of toothed gearing : — 

ExAUPLK No. 66.— Cost o[ two niactime-monlded spnr wheels, each with 53 
teeth, i|in. pitch bjr s^in, &ce, (Drned on faca and ends of teeth, bored and 
kej^seat slotted. New patlem for machine ; — 



£ '.i. 




CWLir-Ib. 


1. d. 


£ »■ f 


018 II 


Uouldu't wagu ., 

J=-"T":? :: 

Fattsni maker 

Apptealieedo. 

Uiwiiil ud wiga .. 


., It boon 


hVi 




3 A'O 




GroiacoM 






.15 ' 



From the above the following appears : — 

Co«l of wiling! DT1I7 ifi lyj.id. .. loi. 4i. per cw(. 

Con of cudngi, iDClndlog pattenu ,. .. ijst. nw. .. 171. &!. p« cwl. 

The wheels were charged as follows :— 



1 macbEna-numlded ipni wheah, each, etc. ■ . 
TumiDg on bcs and Midi of Issib, braisg 
cies, uid aloiting one kej-bod in eacli wheel 



It will thus be seen that the charge made for the castings 
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only just covered their cos^ including patterns. As far as the 
castings were concerned, the maker had to be satisfied with the 
patterns for his profit. If only one casting had been required, 
the cost of the patterns would not have been covered at the rate 
chained in above statement for the castings. Hence, either a 
special charge would have had to be made to cover cost of 
patterns, or the value of the latter would have had to be 
considered as an equivalent 

The remarks made upon the question of charging for 
patterns, when dealing with belt pulleys, now apply with equal 
force in the matter of wheels. A manufacturing engineer who 
wishes to make or keep a business in wheels must be prepared 
to make patterns on his own account, except in special cases. 
That is to say, millowners and other buyers of wheels arc now 
quite familiar, through the medium of printed price lists and 
tile advertisements of specialty houses, with the prices at which 
macliine-made wheels can be bought from such houses, and will 
not, therefore, as a rule, allow a general engineer to charge 
them' higher rates. 

In the above example, and, indeed, in most of the following 
examples, the cost of patterns stands high. The patterns were 
all made by hand, the teeth being carefully dovetailed into the 
block and not merely cut out of the solid — the entire patterns 
being thoroughly well made, as they were intended to be kept 
for future use and included in the wheel list of the establish- 
ment. 

The cost of patterns, however, as indicated in these examples, 
might be very considerably reduced by proper arrangements. 

Example No. 66 may be compared with the following : — 

ExAUPLK No. 67.— Cost of 
wide, and one pinioo with i6 

slotted :— 



£ .. d. 




cwt.qr. lb. 
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In this instance the cost of the castings only, without re- 
ference to the patterns, was £1 is. 3d., or 8s. jd. per cwt ; being, 
therefore, 16 per cent, less than the cost per cent of the castings 
only in the preceding example. The two examples, whilst not 
identical, otier a fair comparison. 

Chatted as follows, viz : — 



X X i| X stin.wida 



This was a case where wheels and pinions as atx>ve were very 
frequently required. The wheel pattern had become unfit for 
use, and it became necessary to make a new one — either a full 
pattern or a segment for the moulding machine. As the 
customer required the castings often, he preferred to pay the 
cost of a new full pattern in order that he might get the castings 
at 12s. per cwt., rather than pay l6s. or i8j. per cwt. for 
machine-moulded wheels and nothing specially for patterns. 

In the account, i8j. was reckoned for the boring and slotting 
of the wheel and pinion, the amount for the pattern being 
merely the gross cost, as shown in above statement — no profit 
being charged on the pattern in consideration of the fact that it 
remained the property of the engineer, and of the regular 
business which the latter received in connection with it 

Ejumfle No. 68. —Cost of 7 pairs of bevel wheels and pinions, z U. 4} in, x 
Co X It X 3} face and i ft. 7^ in. x 40 X it X 3i face, machine made, wheels 
split and bolted, pinions solid, all bored and slotted : — 



£'. d. 


Cut liDn-7 «lieet> 




■"■'.'■'.'• 
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Uadld'eri' nagiii .. 
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Charged as follows ; 












Boring Md slotting oil, (od ipUtliog ud bolt- 


091 


>. d. 




d. 




aj J.O 



Lett it f '^^■■t. 

It will be seen from above that when a number of castings off 
the one pattern are made at a time, such rates for the castit^s 
as those shown in this example pay veiy well, even including 
the cost of the patterns. 

It should be added that in the establishment where these 
wheels were made, cast iron splitting plates were generally used. 
Some makers use wrought iron plates and charge extra for 
them along with the bolts. 



EuMPLX No. 69.— Cost of one pur of macliinB-mada mitre wheel 
by 42 and 2 ft. 5| in. hj 41 bj 2i-ia. pitch and sl-in, bxie; 42 whe 
gauge aad with one key-bed slotted ; 4 key-beda slotted in 41 wheel :- 
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S 




nute 




ewl.qr.1b. 


•ii- 


Uii 




Materials and wiCM . 
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Gcoucost 















Cost for cuUap ohIt, . 
Cbuged I}), pel cm. fbc tbs cutio^ u 



■■ £1 IV. id. = 91. at per em. 
■ ■ £1 6t.td. = 171. &{. ., 
lijt. for the boring udslolliiig. Toial, jfE 91., leu 



As in No. 66, it will be seen that the above job only just paid 
when taken as a whole. Of course, any subsequent castings off 
the same patterns would pay very well if rated (as they would 
be) from i6s. to i^. per cwt It should be added that in the 
above case, the wheels being mitres and differing in size by one 
tooth only, whilst a separate block pattern was made for mould- 
ing the rim of each, the one core box, with slight modifications, 
was used for forming the arms of both. 
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Tornw-WwniKid 
Piiimn milun, U new pill 
fomucUoa 

MURllhMldmiM .. 


:: ■:! :: 
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tl \ 




\\\ s 




Greucotl 






St" 1 



Cott (91 caaUofa onW l%iu-fi-^ Si. id. p«r owl. 

Cluuged£i3 31, ail., being at tliB rata of 171. percwi. lot lbs calling!, wllh'jfi ]i. fof 
borlDg and ilotting. 

This job, it will be seen, paid very well, although only one 
pair of wheels was supplied. In connection with this example, 
it may be pointed out that the cost of the patterns was very 
little more than in Example No, 69, although the wheels were 
more than twice as heavy. This is, of course, only what would 
be expected, seeing that the patterns for the rim would have 
the same number of teeth in both cases. If only a single wheel 
had been required, the cost would have been about 14^. 6d, per 
cwt, including patterns. Hence, single machine-made wheels 
of 6 cwt or over will generally cover the cost of patterns, when 
chained at about the rates given. 



[s and face of cogs and on flange*, centres bored. 



and key-bed slotted in each l- 




' 








£>. d. 




ewi.qr.lb. 


I. d. 




d. 


l\\ 


Tuinen-Waga paid 


lit honri 

1!: 

98 » 


i 




U I 












eon 






tS I 














It will be obvious that, if only two instead of three wheels 
bad been ordered, the cost for the pair, including patterns, 
would have been about £18 12s. or lOr. 4./. per cwt., as the 
pattern-making would have been the.same. 
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The above wheels were charged as follows : — 










iwLqr.lb. 


1. i. 

'I 


I >. d. 
40 i S 

49 i i 



It is, of course, unnecessary to remind any of our readers of 
the reason why, in pairs of mitre wheels, one wheel is invariably 
made with a tooth more than the other, as in all the three last 
examples. The introduction of this extra cc^ — the " hunting- 
cog " or tooth — necessitates a separate pattern for cadi wheel 
of the pair when full patterns are used, and a separate block 
tooth pattern for each wheel, when the wheel-moulding machine 
is used ; but there is no question that the advantages secured — 
the equalising of the wear of the teeth and the consequent 
smoothness of running — fully justify this extra cost. 

ExAKPu Na 72.— Cost of one mftchine-made spar wheel, 53 cogs, ii-ia. pitch 
tj i3-in. face, and ooq pinion, with 43 cogs to snit above wheel, bolh made of 
extra strong cold blast iron mixture ; four iMf -ways slotted in «acb, and both 
hung on shafts in shop with new keys ; — 



£ ,. d. 




cm. 

JO 


r.lb. 

i 


1. i. 

" i 
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£ >. d. 






'I 'J " 






I44>>«rt 


017 6 


Grinder |U lurO-^wiiiet paid '.'. 

l«m«±Sr*'".. '.. .. 

UaterUliudwagu .. ,. 


i9hDDr> 

J7 " 
IM - 


















41 3 



|j8 I6t.' 

An estimate of probable cost was made up for above. This 
estimate came out ;f 41 ; 25 per cent, was added, and the tender 
given in at £$i 6s., less 2^ per cent. It will be noted that 2s. 
per cwL was added to the ordinary rate put down in the cost, 
on account of the extra quality of iron used in the mixture of 
which the wheels were cast 
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EuMPUt No. 73, — Cost (rf one macfaine-monlded apnr vrhecl, 9 ft. to{ in. 
diameter ; 108 cogs, 3}-in. pitch bj lo-in. face, cut in halves, joints planed and 
bolted, centre bored and 'dotted : — 



Tncnar >l belt*— Wagei piid 



Com lac culln(i ool* .. 

„ „ uidpatlenu 

Chund £41, !«■( 4 per ceni., bdnf u ihi 

^oltiMforr ' ' ' 



1.iorlh 



um of £3 ei' {« tba tn 

The general foundry expenses connected with large machine- 
moulded wheels being to so lai^e an extent similar to those 
incurred in connection with ordinary loam castings, it becomes 
uesirable to treat such wheels as loam castings. Hence the 
wheel in this example is put down at loam-casting rate. 

It may be observed that there is nothing specially put down 
in these examples for expenses or charges in connection with 
the wheel-moulding machine. What special charges were in- 
curred in connection with the machine were simply included in 
the general foundry expenses ; but, of course, where a large 
business is done in machine-moulded wheels, it is desirable to 
open a separate account for expenses in connection with the 
moulding machines. 

ExAMPLR No. 74.— Coat of one cast-iron ^nr wlieel, 9 (t, s{ in, diameter, S4 
cogs, 4l-iQ. pitch by i2-in. fac«, cut in two halvea from full pattern, joints foced 
and bolted, ar' ' — ' — '"""'" -'-"-" -" 



i, and ibnr key-beds slotted in centre ;- 
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Sl3irL"SS ■.•■ •.: ■.; ':.'-"; 
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Coal for cutiDgi onlj, fis ot 
hOag It the nti ofgi. pw cwt fw 

ing isd boUing, ttc 



E 61. lid. par cm. Chu-ied £31 ti., len i| per cent., 
•MlioM, ^i.pttlb,kt Om mUi, um £4 i}>. for ttaa pUn- 
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The wheel in above example was made from a stock pattern. 
To have made a new full pattern for the half of this wheel 
would have taken about 30 days of a pattern maker, and would, 
therefore, have cost about ^12 ioj. in wages and expenses, or 
about 4s. 6tt per cwt 

We shall conclude this section with a few examples of mortise 
wheels and a list of rates for cogging. 



Example No. 75.-Cost of one berd mortue wheel with 54 cog«, i|-in. pitch 
hj 4).iD. bux. bored, tamed, slotted, and coRgcd with best seasoned beech :— 


£.. A 


Eisfc.,; :; :; ;: s = 

FuIMn Duker, illeiiDg Mock patiem ; „ 

GamoM. 


ewLqr. lb. 
o 3I 


1. d. 

7t 




I 7 J 


Jio 7 




4 It 1 



Charged as follows in sales book, viz. :- 










'BSS^d'lKiS|1Sj?:la;.g «;d drii'il 

io| rim for conlog, sltnliig euieni toA 


CWtqt. lb. 


>. d. 


J t 7 



The amount included in above charge of £$ zs. yd. for 
cc^ging alone was ^^3 16s. 6d., being at the rate of is. ^d, per 
cog ; of course, Including the timber. 

It will be observed that the timber in above example Is rated 
as costing ^d. per superficial foot per inch of thickness. The 
actual rates per foot per inch paid for the timber were 2^d. to 
3</,, but this was for the timber in the green state, though in 
plank, and the timber had, therefore, to be seasoned. It was 
consequently reckoned that interest on capital, rent, maintenance 
of racks and stores, handling and loss of timber, brought the 
cost up to S</. per foot per inch by the time the timber came to 
be used. 

It is probably not necessary to say that the amo;int of timber 
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returned against a wheel in any particular case is the superiicics 
of the plank used for the wheel. There is, of course, consider- 
able waste in cutting up the plank, and the amount of timber 
returned at one time against a wheel may be very different to 
the amount returned at another time against the same wheel. 
On one occasion planks may be found which cut up very neatly 
for the job, but on the next the planks may not ^U in so well, 
and consequently there will be much more waste in the latter 
than in the former case. 

Example Na 75 may be compared with the following cost of 
re-cogging a wheel of the same size and kind. 



ExAHPi^ No. 76.— Cost of re-cogging bevel mortise nheel ol 54 cogs, igjn. 
pitch b7 fi-in. wide :— 


014 7 


B»ch..Qft.xTi[n. .. 

Tiuiun'^incu 3 boun 

^^^•^'^:: :: ;: :: 

GroMco.1 
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£ '■ i- 







Chaifcd £3 iCi. 6A, leu 4 par uut, beliif at ibe tms at u. jd. p«r cos. 

It will be noticed that in the cost of the new wheel there is 
returned 10 hours of a turner, and in the cost of re-co^ng 3 
hours of a turner. In the new wheel there was the following 
turner's work : — viz., boring the centre, turning up the rim pre- 
paratory to putting in the cogs, and turning up the cogs on face 
and ends after they had been put in the wheel, but before they 
were shaped. In the re-cogging there was, of course, only the 
last item of turner's work required, and this item appears in 
every case of re-coggii^. There were other items of workman- 
ship in the new wheel which do no^ of course, appear at all in 
the re-coj^ing. 

It should be added that in all these examples of mortise 
wheels the final shaping of the teeth was done by hand, though 
they were cut out of the plank, shanked and drilled by circular 
saw and lathe. 

It will be seen also that the percentage for indirect expenses 
put down in these examples for millwrights' cogging is just the 
same as for ordinary fitters. The millwrights when cogging 
used machine tools to a certain extent, but it was considered 

,glc 
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that this was fully balanced by savings in other expenses as 
compared with general fitters, and that all desirable ends were 
secured by treating millwrights and fitters as constituting one 
department. 



Example No. 77, — Eatiiuated price of i mortJM wbeel, a tt. i| in. diameter, 
with 40 cogs 3-iD. pitch and sj-in. face, and t iron wheel z ft. f in. diameter, and 
39 cogs to worlc with mortise, E>oth bored and slotted, mortise cogged with best 
beech and iron wheel pitched and trimmed. (Profit rates) : — 



Boliig and toTBiag . . tl dty 

Dtilliaf . - . ■ . . - ■ tt ooDTs 

Sluiing I boDT 

Cogging wtth b»ch 

1 IroD Am wbecl 

Boriag and tntnlng iH'T 

SiMIlDC I bour 

PlIchlDC and iriainiiog both Mdu H dijn 
Cettlng DQt itock paiieiDi fdir 



£ •■ *■ 
\\\ 

3 10 o 



QaoIi£ii i«.,lsM4paic« 



The cost of above pair of mitre wheels turned out as follows, 
which it will be seen was as near the estimate as to time as need 
be desired : — 



:"i 



The pitching and trimming of the teeth of the iron wheel were 
done entirely by hand, as was all the shaping of the mortise 
wheels in these examples. It is true that several machines have 
of late years been introduced for the shaping of mortise, and 
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Mie trimming of metal, cogs. Some of these have been entirely 
complete and independent in themselves, whilst others have 
been designed to be worked in conjunction with a lathe. It 
cannot be said, however, that any has come into general use. 
This is, no doubt, partly owing to the relative decline in the 
demand for toothed gearing in the face of the superior recom- 
mendations of belts and ropes for so many modem drives. 
Owing to this decline, invention has been rather sluggish in 
regard to gear-cutting machines, and many engineers, who 
might have purchased one or another of the machines which 
have been brought out, have hesitated, and preferred to depend 
upon the old-fashioned methods. Hence a very laige propor- 
tion of mortise wheel cutting and of the trimming of metal 
wheels is still done by hand. 



EiAuPLB No. 78. — Cost of 16 bevel mortiM vrheeU, 4 ft. 6 to. diameter, vith 
So cogs, 2}-iD, pitch and 5I ia. wide, split and bolted, bored and slotted, turned 
OQ rim, ccgged with beech, and keyed od shafts in shop. 



^boluuKlDuit, lila. x Jin. *Dd i 

Beach (or cog^g, jct* ft. k il In. 
■08 ft. X i| in. 

Sloltet ',', " '.'. -, 

Grinder It tin— WaiM paid 14 

Pillcn (tpliluaK. bolting ud kejing) 

Mil IwiilhU^ggingh-Wiii^a paid, 1440 
Apprcndce „ „ ]6a 

Pattern makBTi (makiog new full 
palteru)— Wages paid.. .. vn 

Mainjali aikd wagea 

Eqnal lo ft 191. per - 




£ J. I*. 

in 



The above wheels were chained ^^209 14J. net, in accordance 
with a tender based upon an estimate at profit rates, the full 
detailed particulars of which it is not necessary to give. It will 
suffice to say that the castings were reckoned at 91. 6d. per cwt, 
the bolts and nuts at 31/. per lb., and the coding at ts. g^d. 
per cog. 
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Aa equal number of iron pinions to work vrith above were 
supplied at the same time. The pinions had 33 teeth each, 
weighed on an average 2 cwt. 14 lbs. ; were rated at 12s. per 
cwt. ; were made from a new full pattern, against which 80 hours 
were returned ; and were pitched and trimmed on both sides of 
the teeth at an expenditure in time of 44 hours of a millwright 
per wheel. The amount in the estimate for the pinions was 
£72, equal to £4 ioj. per pinion. 

ExAMNJiNo. 79. — Cost of on«macl)to»-iiionldedspiir mortise pinioQ 7 ft. oj in. 
diameter, with 69 cogs, 4-!n. pitch by 14-ii). face, cast m one piece to split through 
arms, bored, slotted, and tnnied on face and sides of rim. 
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In accordance with a> 
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&C., vare ippirDlmatelT u abave, (be caatlnc being rated ai 131. Gd. per cwL, the bolti at uf. 
pel lb., tbe nunlDi at tSt. per daj, and Ihs cogglag at loi . Gd. per cd«. Ao allenadTe Mnder 
fnt the wbeal cat! at balTaa, and wiih tba jtdata plued, boll-holei drilled, and bain taioed, waa 
alaa given at £105 nil. 

The re-o^ing of wheels constitutes an important part of 
the gearing business of an engineering establishment ; but the 
general range of re-co^ing costs will have been sufficiently 
indicated by the examples of new wheels just 
given. Re-co^ing in any case simply means the 
same millwright's time, or, perhaps, 10 per cent more on account 
of knocking the old cogs out ; the same amount of timber, 
and from a third to a half of the turner's time, as in the case of 
a new wheel. 

The following table, however, summarises a number of cases 
of re-ceding, which may be taken as fairly representative, 
and will sufficiently indicate the variations which occur in this 
class of work : — : 
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TABLE OF TIMBER AND TIME RE-COGGING WHEELS. 
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The following is a table of chaining prices for re-cogging, 
which should cover all expenses, allow thoroughly-seasoned 
timber to be used, the work to be done carefully, and leave a 
fair margin of profit ; — 

TABLE OF PRICES FOR RE-COGGING (HANDWORK). 
Priei ptT Cog. 
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Subject to usual terms to millowners. Some firms would 
charge from lo to 20 per cent less than above rates. 
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CHAPTER XII. 

MILLWRIGHT WORK, conlinued.— GENERAL CONTRACTS. 

We have row reviewed and illustrated by examples, in suffi- 
cient detail, all those large classes of productions which go to 
constitute millwright work. General estimates and contracts 
for millwright work simply consist of combinations, of course in 
ever-varying proportions, of those productions which we have 
now examined ; but it may be desirable, before passing on to 
deal with machines and engines, to give two examples of general 
estimates of millwright work. 

The first shall be an estimate for work in connection with a 
flour-mill extension, and the second for work in connection with 
a spinning-mill extension. 

The former will be made up at profit rates, in accordance 
with the method most generally adopted, because of its con- 
venience and the latter will be an estimate made up in accord- 
ance with the more scientific and useful method, which seeks to 
set out the probable actual cost of the work in view to the 
manufacturing engineer. It will be seen that the latter method 
involves rather more labour than the former, both actual in the 
preparation of the estimate itself and retrospective, as much 
careful analysing and tabulating must be done before the per- 
centages and some of the other rates can be determined. The 
information which this method conveys to the practical man of 
business is, however, worth very much more than the extra 
trouble necessitated. Of course it is quite easy to determine 
what the selling price of any particular part of the estimate 
urill be. The percentage added to the whole for profit, if added 
to any particular, item (with its corresponding charge for indirect 
expenses if an item for labour) will, of course, give the pro- 
posed selling price for that item. 
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EuuPU No. So. 

StfUaber , 188— 

SPECIFICATION OF FIXINGS. SHAFTING, GEARING. Etc, RE- 
QUIRED IN CONNECTION WITH 16 PROPOSED NEW PAIRS 
OF MILLSTONES FOR 

Mbgsrs. 



I WBlllica, 3fl. sin. by ]fl. e in. by 1 fi. 5 m. 

deep, wiih biidRe fot sin. pedeiul . . 
imirboies, sft. tn 3IL brlh.jln., wilh 

bridgeifocelin.pedHUli 

8pede>uIa,Mui.bTiiiii.long 

6 !i jiiD.^iiiA. " ;; " " 

(Au wltb •bell capi ud uogle brauea.) 



bj H in. dluBem, witb bosui ■ 



'otgedwi 



fl ditto, €uh 

Tonimg £afii all 

Piaoing kBvbods .. .. .. u „ 

36 bo1uui(li)DE&.fiia. by 1^ in,, for coupling.. 

Torain^uid Gttiog bolu .. .. t^ diyi 

1 machine-madD vpor wb««I, yit. 3) In. by 78 

ty 3i by 9 

I ditto pioiont, 4 ft. g) In. by SI by 5I bj 9 . . 
Slotting Ibui key-bedi b Biicb .. ifday 

II wroogbt-iroo lieya, la by a) by i| . . 
4 vroDgbt-IiDn boopi for yi i»g wbeeli 
KeyiDg thiw wheel* on ihifi . . G itjt 
Sioitb (ibriniunff oa hoopi) . . i day 
16 bevetmonlieobeeli, 4ft.Gla.bf Sobyit 

by Jl.apUt and balled 

S4 boln ud diui, J by il > 



uda,. 



la. by 7 in. diamster.. 

yiin. .'.' '.'. '.'. 
of colnmni .. 



Fining and boiling 

i4: 



adayt 

, __ i«,3lt. loin, by J In. by 

I in. tbick, la carry piatenms 

coach tcrew*, s Id. Ey I in. 1 

:eiulbolU,Gin. byfin J 

it-nuliinK on aboT* 

bouaudpadsuali.. 6day* 



I day 

Uoitiia wbMl, DM fall patiem ladiyi^ 

Spar wbeel and pinioiu, pallona for macbiuc J 

Carriage Bnd frelghL lay 

Bieclion of above— two nlltwrigbu only— all 
aa^Eance to be prtrrided by inill-awnen 

Sodayg 

Travellini dme and eipentei 

Draa^btamed Imaklnf woikhig drawinga. 



ad. Order ealered il £700 u 
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The rates in above specification were in several respects 
somewhat below those usually asked in the establishment in 
question. They are, however, very fair rates, and such as most 
engineering: firms would be willing to accept The rate put 
down for the erection was intended to include the men's allow- 
ance ; and it will be seen that it was not considered necessary 
to add anything specially for contingencies. 

EXAHFU No. St. 

FAfuary , i3_„. 

ESTIMATED COST OF FIXINGS. PEDESTALS. SHAFTING. 

PULLEYS. ETC.. REQUIRED FOR PROPOSED EXTENSION AT 

MILU 



tE bui(en, ij) in. from beam lo caulra of tbafc. 

for 4i-in, peddUli 

S4 gibbead bolIiudDuti, 3 bj il 

S belli ind HDti, tl iD.% I in. '.'. '.'. W 
iC I. beami, igfi. fiiD.lj iGio. dmp .. 

I C. I.bridg<foTd<llo 

4 bohi Knd nuts, jjifl. byjis 

FittiDg sod boUlog .. .. ■. ■■ tda^ 

3 C. I. Ciiogi lo go on top of Grsproof bauDi . . 

1 C. I. crou beuDi, It It; b; 'fi liL , . 

II bolii uIbdii, 4™ by I in. and* it in/br { in. 
I oall box, i(t. br t ft. br itt., tor 4} in- pedui*! 
Filling ud bolting bum* idaj 

I wall box. ]((. t^ 3fl. br ih. Sin., foi 5j-ia. 

II Hd^t^i, 4l{n. hj H in.' 'loDb 'wlih' doabie : 
bruio. ail diib at eacb sida iriib tnbdcatlDg 
rlngi, cap boLU long anaagh for filing 

1 C. 1. psdalala and cat>a, ]l In. bj 14 in. 

4 bcBiKi for ditto 

4capbolta. iilo. bT liln. 

4la0bolu,61a.bjiiriu 

Boring and facing adan 

Pitting 6 , 

Drilling .. .. .. .. .. ihoon 

II Icngttaa of 4) b. inonghl-lroa ahaftin^ about 

197 ft. la all, all plain sicapl on* boti on on* 
lengtb (I in, in diam. allovad for tDraing} .. 

PlinToVlKT-bodi '.'. '.'. ','. \t ^ 

II C. I, faccconpHnninnpieca .. ".. 

J] bolts and nuia, 4I In. br I in 

44 W. I. ker*. two in each half conpUng, 7 in. bj 

BormgandlniningcoiipliaKi .. igldaTt 

Diilling boll hold if „ 

Taming boh* 13* „ 

Slotting Iwy-bsda >i >• 

Kaying on coupllnn G „ 

1 hamiasisd acrap^o abaft,7ft. 6!d. long om 
ll). vltb boat J ft. S in. by 6t in, two beaiinp 
]1 by 14, and cainplloe and ^ 

Caitiadlbnnid 



1% 



\ t 
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ine key-bed! 



riSin. 



'itlingud bolUng 

wairbai.jft. br jfLbjifl.eln 
fcr si MdeW-i 



pedesuii^^ In. by iiln., u befoi* 
butunsrad icrap abdt, loft. long oMTlll.boii 
Oft. bv elln., too beuiocs jj, ooa ud l<ll 

fecwddiag 

Tnining ditto all ova ildar* 

PUnlog ke^bed jlnari 

I piece H. S. ibifi, 4 fi. br s In. 
wfeldinfdillo .. .. .. 



bTjio. ., 



pun, s4a. Sett. , 



I C. 1, flinnd coddIil. 
4bo1lsudnii1s,3tiD. 
1 hen, Cia, by lio. by 
Bonag ud loinmii coupllag 

Drilling hole* 

TaralngbolU 

Skitiingkey-beda 
Kniiu on coopliag 

iC, t.^MUU.Ilft.., 

iC.Lbridpfordltio.. 

S boh* uid Dnii, 4i in. by Ihi. 

Fltdncud bohing _., 

imirboi| ift. by ift. by ift. Glo., for Jiin. 

■ ClTpBdeiUl* ukd capi, situ, by II 
4 bnuMt fer ditto ,, 
i eip boln and 4 Mdl boltt .. 
Boring and being 



lift, by 14 In. d( 



, 'AV. 



Fittinit ud bohing 3} d>r> 

t padeslal bugen, 3-bi. bon, wlthiiogla brest«a 

idiHo,siin 

I lope pnlleT, 64 In, dlunaisr by 11 graovei, 
d-lD. pitch, Jl-ln. lapei, bored, tuned mnd 

•lolteil. Finlibed wHgbt 

I dtito, » by 13 gtoavei 



ig pnll«7* on (haft In 



^bMiioriind pedeatal . . 

Bmow, bridge* and Gi1ng« 
■"-■"■ Ipedeauli.. 



Total 6odayi 

Taking woililni dlmaadoni ud making draw- 
ing* 12 day* 

EracOnl all al mlU (local) .. .. So » 
(Caitau inclnded.) 

All bnilder's work to be done bv mlllovmer, and 
all Bcaffoldlng ud conimon labom to bo pro- 
vided by bim. 



Total etlimaled co 



I 9 



II B 

li 



•Ml 



Qneted iifio, leu i) per ee 
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Many engineers would add a smaller percentage for profit, 
especially if they could place reasonable dependence upon the 
estimate of the gross cost. The method in which such estimates 
as above are prepared will be sufficiently obvious. The general 
plans having been prepared — it may be roughly, but in sufficient 
detail for the purpose — the estimate draughtsman goes carefully 
over them and writes out on his sheets every item that will be 
required, calculating weights and filling in other necessary 
particulars. The sheets are then handed in to the estimate 
clerk to be priced. 

In quoting prices for work, such as illustrated in the last two 
examples, it is generally advisable to send a separate specification 
setting out the proposed work, and a separate letter or tender 
giving the price. The former can then, during the progress of 
the work, if ordered, or at any time, be handed about amongst 
foremen or others, without the price being observed ; and as a 
rule neither the engineer who sells nor the millowner who buys 
cares to have prices too publicly displayed. The specification, 
after setting out all the principal items, should conclude with a 
general paragraph somewhat as follows, viz. :— 

All the necessaiy bolta and nnts will be supplied b; at. 

The vhole of the work speciQed above to be delivered kt your mill [if local] 
and erected ready for starting ; it being nnderitood that yon wilt do all masons' 
or joiners' work, and provide onr men with the necesEary assistance of labonrers 
and Bcaffoldins. The ropes for the pulleys to be also supplied, and put on by 
you. (Signature) 

The tender would then simply be a letter somewhat as follows, 
viz. : — 



GBtmiiiBIt,— We propose to supply yon vlth fixiogs, shafting, rope pulleys, 
etc., for your new extension, all in accordance with specification and ontlinff 
plan [when supplied] enclosed, for the sum of ;^5oo (Five hundred pounds), It 
_i __- -„. ....^ui- - — - — npletion of the work. We shall be ""' ' ' 
T best attention,— Your respectfully, 



When very complete plans are prepared and tracings from 
them are submitted, the detailed specification may be omitted 
and reference made in the formal tender merely to " enclosed 
tracing." 
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CHAPTER Xin. 

MISCELLANEOUS PRODUCTIONS. 

Having now discussed, as fully as is necessary for our purposv 
the millwright section of the business of a general engineering 
establishment, we shall treat briefly of the miscellaneous pro- 
ductions of such an establishment before passing on to deal with 
steam engines. 

Those economic forces with which we associate the terms 

"division of labour," "competition," and so on, are constantly 

leading engineering as well as other manufacturers to devote 

themselves more and more to special branches of 

uSn *' *''*"* ''"sinesses, and to the establishment of new 

houses for the manufacture of very limited classes 

of productions, and in many cases for the manufacture of only 

one kind of appliance. 

The manufacture of machinery for preparing, spinning, and 
weavii^ textile materials has, of course, long constituted a 
separate branch of mechanical engineering ; but even this is now 
subdivided into numerous departments. There are a few large 
establishments which still undertake to supply machinery for 
nearly every operation in connection with the preparing, spin- 
ning, and weaving of every textile material ; but for one such 
house there are dozens which devote themselves principally to 
machinery for one class of textile material, or to machinery for 
one or two operations only in connection with one or two 
materials. 
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The production of wood-worldiig madiiiiery, flour-mQling 
madiinety, iron-roUing madtineiy, machine tools, st^ar 
madiinery, gold miniiig machineiy and other classes, are also 
now firmly constituted spcdal departments of mechanical en- 
gineering, mostly carried on specially, though occasionally as 
portions of general engineering businesses. 

Subdivision, however, by no means stops merely with the 
concentration in the hands of a few special firms of the manu- 
facture of machineiy for a particular industry. We have special- 
ists for nearly eveiy kind of engineering productions, including 
such as are used in common by different industries — for pumps, 
hoists, cranes, hydraulic presses, weigh-bridges, steam valves, 
taps, and so on. So much, indeed, is this the case, that the 
fint question anyone who requires any mechanical appliance 
nowadays asks himself is, " Who makes a specialty of it ? " 
The assumption, of course, is that an article will be obtained at 
a less price from a house which makes a specialty of it than 
from one where the article is only made incidentally, as it were. 

It IS, however, by no means a universal rule that an article 
will be bought for less from a specialty than from a general 
house. The former may be able to make It more cheaply ; but 
it is well to keep in mind that a specialty house requires a very 
extended market, and to secure such market must incur 
expenses for travellers, agencies, or some form of advertisings 
for keeping up a stock and on other special accounts, which a 
general engineering establishment, depending principally upon 
a local connection, does not incur. 

Neither does it follow that an article obtained from a specialty 
house will be better than one of a similar class obtained from a 
general establishment On the contrary, specialty houses are 
usually under influences which are calculated to make their 
productions inferior to those of a good general engineering 
establishment In the former, the desire to produce as cheaply 
as possible, and especially to make the cost of an article at one 
time less than on former occasions, is particularly strong, and 
very often leads to a reduction of material below what is 
necessary for securing reasonable durability ; whilst piece-work, 
unless most rigidly supervised, will lead to hasty, and conse- 
quently imperfect, workmanship. 

However, we are not particularly concerned here either with 
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the advantages and disadvantages, or the causes of this speciali- 
sation of mechanical industry. What we are concerned with 

Btreoton '^ ^^ effect of this tendency to specialisation 
General upon those general engineerii^ businesses which 
Businesses, are to be found in every industrial centre. 
That it has had a very decided effect upon these busi- 
nesses no one will question. It has limited, and is con- 
stantly tending to limit, the number of productions which can 
be profitably manufactured in a general engineering establish- 
ment Formerly, anyone who required a mechanical appliance 
turned, as a matter of course, to local engineering firms. But 
now he will consult a directory or the advertising pages of an 
engineering journal, and send to the end of the kingdom or 
beyond for quotations. 

Nevertheless, there are still many productions of a general 
character which may be manufactured profitably in a general 
engineering establishment possessed of fair resources. Amongst 
these may be reckoned cast-iron tanks and cisterns, iron doors, 
pumps for general purposes, cranes, hoists, weigh-bridges, rail* 
way turn-tables, hydraulic and other presses, mortar mills, day 
machinery, millstone frames and gearing, some brewers' and 
distillers' plant (as mashtuns and backs), some bleaching and 
finishing machinery (as yam and cloth boilers or kiers, wash- 
mills, mangles and calenders), flax scutching apparatus (in certain 
districts), and so on. It will be obvious that many of these 
would, if required, lend themselves readily to the development 
of a specialty business. 

It would take too long, and is not necessary for our purposes, 
to deal with all these productions in detail ; but we shall 
endeavour to give the student a general acquatnt- 
Tanks. 2ice, at least, with the costs and prices of some 
which may be considered of a representative cha- 
racter, commencing with an example of a plain cast iron tank 
for holding water. Most manufacturing establishments where 
steam power is employed require one or more laige tanks ; whilst 
engineers are also frequently called upon to quote for such 
tanks for hospitals, asylums, workhouses, prisons, and other 
public institutions, either in connection with the arrangements 
for extinguishing fire, for supplying the steam boiler or boilers, 
or for the general water supply of the establishment 
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«I6racast-iroiitaiikioft.kiiig bySft. widv 



4 flucad pliMi Ibc bottom,} fLbn Mij^ lUcfc 
^ ditto for lidn, ] ft. br Sfl. 6 In. by 1 la. 
4 ditto for endi, 4 ft. bj jft. G In. br i la. 
iGi bolts ud natt, tl in. by I In. foi ji^U 
I W. Litay, iaft.byiin.dIuDMer .. 
3 ditto, SfC by {in. diwnetsr . . 
ebolii and nnti for ditto, ]} ft. by {In. 

CBmaDt pttiiy for joinu 

PittiDR tuik togsthsr in thop • . 5 d 

Prepanof pattBTfu . . . . . . 4 



Delivecy bta on n 



I., leu 4 par conl. 



This tender, it will be seen, is equal to rather more than 
1 2f . lod, per cwt, on the gross weight of the tank. This is a 
moderate price, though in some establishments the rate would 
be at least ;^i per ton less. The cost of this tank came out as 
follows, viz. : — 



SS^.'S'n'Sr •: ■: 


Gjboun 


SaiHh,forglng™li 


:: iihonii 


PillBlt 

Pittsra-nuker* 

Hitoiuliudmges .. 


:: f^r 


GroMCOit .. 





t. yd,; groHcaW,£i4 St. id.; FraBl,,C6 7t. jA-eqtul loaspetoo 



A much smaller rate of profit has, however, frequently to be 
taken in work of this kind, which is obviously plain, involves 
little risk, and includes little skilled labour. 

Occasionally, where a cast-iron water tank is to occupy a con- 
spicuous position on a building, attempts, more or less generally 
less) successful, are made to give an ornamental character to 
the tank by casting a design of some kind upon the front of the 
plates, or by casting the plates themselves with curved tops and 
I bottoms. Of course, sudi tanks are much more expensive than 
plain ones, as in the above example. Their price may run up 
'to ^20 per ton. 
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Example No. S3.— Estimated price for 3 plain single iron doors and Crames. 
€ ft. bj 3 ft. in dear. (Profit rates.) 




S cui^rco btiae*. ] in. br iHn- Mctlon. mud 
iJ$^«bS^h'^'\>^'" -^ W pro- 

loa^Tonbinstt 

Rlnti fn hisga '.'. '.'. '.'. '.'. '.'. 


cwl, qr. lb. 


>. d. 


12 1 






.0 6 





lU.pardooc. Qnotad j£4 iji., Ian s} per cant, par door. Ocdsr Kcepwd at 



£ 1. d. 


5 IfTOUf^l-ilOIllllupl plMM 


4ohoui^ 


E-t.qr.lb. 


I. a. 


Vi'i 


■0 1 i 




It boor 


I 3 








s;s; 


Bollar makar*' cbuge, Isvellinf 


fi' 


Vil 
















*.. 






' 



Mat prica paid, £«; iroa* com, £17 «. 11^.; pnifil, £3 191. id. 

ExAUPLB No. 84. — Si]inmai^ of cost of 14 pairs of single iron doors (two 
doors back to back), 6 ft. 7 in, by 3 fl. 710. in the clear, doors panelled by having 
flat bars riveted on one ude, delivered and fitted up at place (local). 















S..,ji.-S;r:: :: :: :" :; 


J I 


6 3 


"I!» 










































































Smiilia— Wages paid 








v.: 


,. " (at plica) " '.'. '.'. 
Pwlani maken— Waca paid at uocli pa-.temi 








I I 9 


























i<a >5 9 



Equal 10 £S ica. aeu I7 per pair of di 
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Tender, £g 12s. dd. per pair net The latter rate is really a 
low one for iron doors of this kind well made. £10 lOf. would 
have been a very fair price. At the same time, there is no doubt 
that some little saving might have been effected by careful 
arrangement and supervision in the workmanship. It may be 
added that it is unwise to include erection of such doors in the 
price if it can be avoided, as so much depends upon the builders. 

ExAMFLX Ho. S5. — Cost of 10 double iron doors Gar hoist openings, 8 ft. b7 
4 ft, in clear, with p&nelled fronts, sliding bolts, and i Chnbb lock to each doable 















■0 framn ud sniiMingi 






















































































































.... 


Gronont 






ii£ S B 



Equal to £ii iia. U. par door. Chuged £ij par door, lau i| p«c cent. 

The doors in the last example were a particularly good job, 
the frames being planed across the face, the edg^es of the doors 
planed and most accurately iitted to the frames ; the sliding 
bolts were specially foiled and turned, and the whole very care- 
fully done to please a fastidious customer. 

We have given an example of each of the three kinds of iron 
doors in general use, as doors of one or the other kind are in 
regular demand, sometimes in considerable numbers, in all 
manufacturing districts. They are, moreover, amongst the few 
things of which no one as yet appears to have attempted to 
make a specialty. 
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CHAPTER XIV. 
MISCELLANEOUS PRODUCTIONS, ccnUmud.— PUMPS, 

Being required in connection with nearly every manufacturing 
industry, and in large numbers in connection with some — pre- 
senting no special difficulties in the matter of designing, and 
requiring only very ordinary plant for their production — pumps 
form an attractive object of manufacture to most engineers, and 
are within the capacity of most general engineering establish- 
ments, at any rate, so far as the common sizes of the ordinary 
types of pumps are concerned. 

We have in consequence numerous makers of pumps, many 
of whom profess to make a specialty of this branch of engineer- 
ing productions. Nor can it be questioned that in some in- 
stances the pumps of the advertising makers really do possess 
special features of more or less merit \ though in a number of 
cases the specialty, so far as the design is concerned, consists in 
some trifling and not always advantageous departure from some 
well-known standard type. In other instances, again, no special 
features whatever are set forth — ^a low price being relied upon 
for securing business. 

Notwithstanding the numerous advertising and special makers 
of pumps, most lai^e general engineering establishments find it 
worth while to keep patterns of certain common sizes of some 
one or other type of pump suitable for general use. 

In good establishments these patterns will generally be, and 
always ought to be, of extra strot^ design, for if a user goes to 
a local general engineer for a pump it will, as a rule, be because 
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he thinks he will get a stronger and better made article than he 
will obtain from the ordinary nm of makers, and will be prepared 
to pay a somewhat higher price in consequence. 

There are two types of pumps, at least, of which most large 

establishments have patterns, viz., the common single-acting 

plunger pump, which is still frequently used for feeding boilers 

and for forcing moderate volumes of water con- 

TjM™ siderable heights; and the plain barrel pump, 

with plunger of the piston type having cup leathers, 

or some form of metallic packing in the best makes. The 

Utter is generally designed so that it may be made up, in any 

of the standard sizes, as a single or double-acting pump. The 

former type is usually made in sizes from l^ to 3in. diameter 

of the plunger, and the latter from 3 to 12 in. diameter of the 

barrel 

PlnngeF "^^ following example iUustrates the cost of a 
Pomps. plain plunger pump. 



and flacges of (DCtioii &nd discharge faced :- 



£ : d. 

I 1 8 
t i 6 


S,3S?S..„i.,j:: :: :: :: 

igUllduid4^Bfbolt*-*toc;; .. .. 

^S&Sa^^' :; :: :: 
SSSS"'."-.. ;•. ;: 

CroueoM 




6 3 


£ •■ i- 




a<.7 



The above cost and chaise include only the pump, and do not 

cover any driving apparatus. Various methods of driving these 

pumps are adopted, the most common being either a disc on the 

end of a shaft, with a pin and pump-rod connected 

*Drlvla/' '^''^^' '° *^^ ^^^^ °^ *^* plunger, or an eccentric 

on a shaft similarly connected to the plunger. 

The latter was adopted in the case of the pump of which the 

cost is given above. The eccentric block was keyed on a 3-iii. 

shaft making 38 revolutions per minute. 
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Very frequently these pumps have brass plungers and valves, 
and sometimes are entirely of brass. In the above case, if the 
plunger and valves had been of brass the cost would have been 
about 20J. higher, and if the pump had been entirely of brass it 
would have stood about gos. higher. An air vessel of cast iron 
would have added about 15^. to the cost as given in the state- 
ment 

It will be observed that there is no charge for patterns in 
above statement A set of patterns for such a pump would cost 
from 60s. to 80J., according to the design of the valve chest 

The following table exhibits a fair scale of prices for pumps 
of this type, and of the most usual sizes : 

PRICE LIST OF PLUNGER PUMPS. 
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7« " 


"* ' <■ 


" " ■■ 
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ISauj of ihs chxper claa* of houM* would pot thne piicsi Irom lo Ki lo per cent. leu. 

The following examples will illustrate the cost 
Pumps °^ pumps of the second type mentioiied — that is, 
the ordinary barrel type. 

ExAHPLB No. 87. — Cost of one 3-m. vertical double-acting barrel pump (iZ'in. 
■trolie), cast-iron barrel, valve chests, covers, and connectiDg braoches, cast-Icon 
bucket with cap leathers, wroaeht-iroii pump and forked connectiag rod, brass 
valves and seats, and cast-iron bow guide for pump-rod ; — 



£ ^ d. 

Vll 


IrcmcutlDgi 

Moolden' wtgai 

»iun ;' 

MilHfali ud w>K« 

Kipe"*- 

°'— 


ewt.qr.lh. 


t. d. 


£ >■ d. 

°'3 1^ 


.,. 


9 14 la 



Plica cbusedibi pump wabOT«, uidiii 



dltchargs pipe, £i]. 



If mj driviof gear, air n 



As in the case of plunger pumps, many different methods of 

_ . . driving vertical barrel pumps are adopted. Some- 
Kethodaof .- .i_ ■ . ■ • ,. , . , . 

DrlTlnr times the pump is dnven by a disc plate and pin 

at the end of a short piece of shaftii^ carried <m 
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brackets attached to a wall, and receiving motion from some 
main or other shaft 

A compact, self-contained driving arrangement for a single or 
double-barrelled pump is formed by a stout cast-iron column 
with a broad base, or a separate base, to which the pump can be 
attached, and having the gear for driving at the top. The driving 
gear will usually consist of a short shaft with a broad pulley to 
receive the motion from a pair of fast and loose pulleys, and 
having a small geared wheel at the end working into a larger 
wheel so as to bring down the speed to a suitable rate for the 
pump. The large wheel will have a pin to which the connecting 
rod can be attached. Such a driving arrangement admits of 
being duplicated to work two pumps, one on each side of the 
column, and is probably the cheapest self-contained driving 
arrangement that can be devised for one or two barrels. The 
column may be utilised as an air-vessel where desired. 

A better self-contained arrangement is formed by two A- 
frames with a crank-shaft, which may either be driven direct 
by a belt or through the medium of gearing, where it is neces- 
sary to reduce the speed. The A-frames form bearings both 
for the crank-shaft and for the axle on which the pulley and 
small driving-wheel are placed. The pump in Example No. Sj 
was driven in this manner, the cost of the entire driving gear 
being as follows, viz. : — 



Cost of A-frames and driving gear tor 'a-in, single-barrd donble-acting 

pump ;- 


£ ,. d. 
ill 


Macbiulslt 

FItun .. .. „ 

MuarialiindwagH 

Eipenwa 

GniucMl 


cwt qr. lb. 


1. i. 
6 J 


£ t. i. 

Vil 

era 1 




GiS I 



Cbari;ed £i] los., lest 3| per c«DI., muklng totil cbun for piunn, fnining ud driWiu' geiir 
f 17 laa., iesa il p«r ceoi. If ths pump hid bul cha buiel lined with brui, the idditioDal coit 
■wonld have been abgnl 6m., and (he pmnp miglic have been chaised, ui. £4 or £t higher, A 



mtt of patterns fot pump in ]au eumpfa would cost about A, wEl 
*nd gearing would have cotl abont an equal 11110, not lacfildllll 
mulei uock patteia would aa doobt ba KTu]«b)a. 



ttas culiej, for which h 



nvGooglc 



EiMMPLK No. &8. — Cost of e-iii. iingle-barrel donble-actit^ pump, nith cast- 
iron bBirel, valvo chests, coven, bow goide, conoecting branches smd bracket, 
iwiODght-iroa pnmp rod croishead and forked connecting rod, etc., brasa valves, 
Mat, Dashes for connecting rod and piidB for pomp rod (stroke of pump 15111.). 
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Barrel pumps of the kind we are now dealing with are 
frequently combined in sets of two or three, and arranged to be 
driven by a double-throw or three-throw crank-shaft. The cost 
of a pair of pumps, so far as the pumps alone are concerned, 
would be practically double the cost of a single one, and a set 
of three practically treble. 

For determining the probable cost with framing, if the cost oE 
a single barrel pump be doubled in the case of a pair, and a 
third be added to the cost of the framing and gear for a single 
pump, and if the cost of the pump be trebled in case of a three- 
throw arrangement, and a half be added to the cost of framing 
and gear for a single pump, a reliable approximation will be 
obtained. For example : Probable cost of pair of 3-in. double- 
acting vertical pumps with framing and driving gear — Cost of 
single pump doubled, £g 14s. lod. and £^ 14$. lod., equal 
£1^ gs. Sti. ; framing, etc., for single pump, £8 i8s. id., plus 
one-third, equal £ii i/j. 6d. ; total £$i ys. 2d. Such a pair of 
pumps would be chatted from £^ to £4.";, complete. 

Pumps of this kind may be arranged as well pumps, the 
pumps proper being placed in the well and connected with the 
framing and gearing at the top by long rods, and are applicable 
to nmnerous other purposes. The foltowng table gives a fair 
scale of prices for the most usual sizes. 
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PRICES OF VERTICAL DOUBLE-ACTING LIFT AND FORCE PUMPS. 
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The pump referred to in Example 86 belongs to the class of 
simple-force pumps; those in Examples 87 and 88 to the class 
of combined lift and force pumps ; but the patterns of the latter 
admit of being utilised for the construction of simple lift pumps, 
by substituting for the solid pump buckets, buckets with valves, 
and by modifying the valve chests ; although simple lift pumps 
constructed from these patterns would be considerably heavier 
and more costly than pumps of corresponding size made from 
patterns specially prepared as simple lift pumps. 

Pumps of the classes we have just discussed, whilst they may 

often be used with advantage, and are still constantly required 

for many purposes, are not so much in demand now as in 

Steam former years. Their places are being taken by 

Pumps, centrifugal pumps, and still more by steam pumps 

of the donkey and other direct steam-driven types. 

Few general engineers attempt to make centrifugal pumps. 
Their field of usefulness is not so wide as that of the vertical 
barrel pump, although in certain drcumstances, as for lifting 
very large volumes of water short heights — as in the drainage of 
low lands — they are probably the most efficient of all pumps. 

Steam pumps — that is, direct-driven pumps — are, however, in 
such regular demand, and suitable for such an immense variety 
of circumstances, that it is almost certain to be worth while to go 
into their manufacture in any well-equipped general establi^ 
ment. 

We shall give one or two costs of pumps of this class by way 
of illustration. 

The following is a summary of the cost of a donkey pump 
Donkey of the ordinary type, but of strong design, 
Ptunps. suitable for high pressure, quick speed, and 
heavy duty. 
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Chugsd Cjo, IcM 1) par cent, U la Ublg bolov. 

The above was the cost of one pump made by itself. Where 
half-a-dozen or more can be made at a time, the cost in wages 
per pump can usually be considerably reduced. Patterns are 
not included in above — they cost for this size, including 
drawii^^ £i6 5i. — material, wages and expenses. The pump 
in this example formed one of the following range : — 



TABLE OF DONKEY PUMP PRICES, CAPACITIES. ETC. 



DUm-HnmcTllDder locha 

^^'U'±^:: ■:■: ;■: ■■ .. -.. 

Diuo. Ubud pipe Incbei 
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The pumps in above list have brass buckets, liners, valves, 

and seats, and pump glands and muntz metal rods. The 

capacities given are supposed to be those which may be 

obtained when working with say 8oIb. steam pressure and 

against a pressure of about 8olb, 

F^om^ tiie ordinary donkey pump we pass by a natural 

transition to the newer types of direct-acting 

^Mt^tioff steam pumps which now receive so large a share 

of the favour of pump users. In the donkey 

pump a direct connection is made between the piston of the 

L 
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engine and the pump rod, and a donkey pump therefore repre- 
sents a distinct advance, so far as the reduction of working parts 
and simplification are concerned, as compared with any pump in 
which a belt drive or gearing is employed. Still, in a donkey 
pump, what is practically a complete steam engine with 
connecting rod, crank-shaft, eccentric and fly-wheel, and some- 
times a governor, is employed to drive the pump. 

In those pumps to which the term "direct-acting steam 
pump " is now applied simplification and reduction of parts is 
carried a step further, the connecting-rod, crank-shafl, fly-wheel 
and other parts being dispensed with. There are two general 
types of direct-acting steam pumps now in common use. la 
the one the valves of the steam cylinder are actuated by levers 
or tappets connected with the piston and pump rod ; in the 
other there are no external levers whatever, the valve con- 
trolling the admission and eduction of steam being actuated by 
supplementary pistons contained in the valve-chest or forming a 
part of the main piston. 

The Worthington pump, which is a duplex pump, the motion 
of one piston being utilised to control the admission and 
eduction of steam in the other cylinder reciprocally, may be 
taken as representative of the first type, and the well-known 
"Special" and "Universal" pumps of the second type. The 
latter type occupies rather less space than the former, but 
probably has no other special advantage — it must indeed be 
considered as the more complicated type. 

Whilst special economy in the matter of steam consumption 
can hardly be claimed for the direct-acting pumps, they have 
sufficient advantages to entirely outweigh any little extrava- 
gance in this regard, being, as they are, extremely convenient^ 
requiring little space and no very heavy foundations^ and 
suitable for almost every purpose for which a pump is required, 
from the feeding of a boiler to the putting out of a fire. Conse- 
quently, a very large business is done in them, and a business 
which is no doubt profitable to the lat^e makers. 

The pumps are now made in an immense variety of sizes, and 
in several modifications for special purposes, by the special 
makers ; and the prices, at least of English-made pumps, have 
of late been put very low— doubtless under the stress, to a 
certain extent, of thr competition of American>made pump^ 
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which, however, are still sold at comparatively high rates. Not- 
withstanding this, these direct-actii^ pumps are still well worth 
the attention of manufacturing engineers who can either lay 
themselves out to make them on the factory system in 
competition with the makers who now occupy the field, or can 
depend upon a local or special connection for regular, though 
not necessarily numerous, orders. 

The following ts the summary of the cost of a direct-acting 
pump with external levers for working the steam valve, designed 
for sale under the latter circumstances. 



ExAUPLR No. go. — Snmmaif of cost of i direct-acting steam pomp, having 
steam cylinder and i doubte-actiof[ pump— pnmp barrel 6111. diameter, Bteam 
-rlinder loin. diameter, stroke 1510. — brass-lined barrel, brass bucket, brass 
ids and mnntz melal pomp rod. 
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This pump was intended to work up to a capacity of about 
9000 gallons per hour, against a pressure of lOO lb. to the square 
inch, at a speed of 50 strokes per minute, corresponding to a 
piston speed of laj ft. per minute. Of course, the pump would 
admit of being worked at a still higher rate if required. It is 
one of the advantages of direct-driven pumps that the quantity 
of water thrown can be regulated within such wide limits. The 
above pump was intended to be sold at from £60 to £6$. The 
cost of the drawings and patterns stood at ;f2i. A saving in 
the cost of manufacture, as stated above, to from £5 to £lQ was 
expected to be made in future cases. 
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CHAPTER XV. 

MISCELLANEOUS PRODUCTIONS^ eMHmui.-~HOISTING 
MACHINERY. 

There are at least three classes of hoisting machinery usualljr 

made in most lai^e general engineering establishments, viz^ 

crab winches, jib cranes and mill or warehouse hoists. It is safe 

to say that crab winches are rarely made in such 

wS^M establishments as cheaply as they can be bought 
from one or two special makers ; but apart from 
the fact that most large firms who have much erecting to do 
prefer to make winches for the sake of being sure that they 
have strong and substantial apparatus for their own require- 
ments, mnches constitute very suitable and convenient work 
for apprentices and junior hands at slack times. 

Hence they are very generally made, though perhaps not 
with much consideration for their own intrinsic value as profit- 
earning productions. Two sizes at least are usually made — one 
to lift up to one ton direct; and up to five tons with the 
assistance of two and three sheave pulley blocks ; and one to 
lift two and a half tons direct, and up to twelve with blocks. 
Lai^er sizes, to lift up to four or five tons direct, are also 
occasionally made. The best are made so that they may be 
worked eiUier single or double purchase, and so that the load 
uiay be lowered by means of the brake, without the handles 
revolving. 



inyGoogIc 



CRAB WINCHES. 149 

The following summary gives costs and prices of two — 
perhaps the most common — sizes. 
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The smaller sizes may be bought from some houses at from 
£6 to £y los., and the laiger at from £g $s. to ;irii, including 
brakes and brass bushes in bearings. Single-purchase winches 
of the smaller size can be bought for from £4. 155. to £6 10& 
For the larger size a double-purchase winch would always be 
used. There is nothing included in above costs for patterns. 

In the establishment where the above were made no other 
sizes were manufactured ; but anyone wishing to make a r^[ular 
business in crab winches would require to make a range of sizes, 
somewhat as indicated in the following table, which also gives 
the highest and lowest prices with which the writer is 
acquainted. The lower rates can only allow a very moderate 
matgin for profit, for a good article — the higher will allow both 
a reasonable margin and very good work. 



PRICE UST OF CRAB WINCHES. 
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PRICE LIST OF CRAB WINCHES. 

DoviU pHTciau. 
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A simple form of crane in regular demand for warehouse 
purposes is formed by combining a common crab vnnch placed 
inside the warehouse with a wrought-iron jib frame placed 
outside the warehouse, and provided with grooved 
^toMw"* pulleys for the chain to pass over. The best form 
' has a complete triangular frame of wrought-iron, 
with the jib curved a little towards the crane post and suspen- 
sion bar, strengthened by one or more circular stiffening rings 
placed in the space formed by the three sides of the triangle 
and riveted to all three sides. The bottom and top of the 
crane posts have pivots which rest in sockets in cast-iron 
brackets attached to the walL 

The crane is usually placed by the side of the top warehouse 
door, a small pair of guide pulleys being placed on the top wall 
bracket to guide the chain through the wall, and another guide 
pulley being placed inside the wall to guide the chain down to 
the winch. 

On the opposite page are notes of costs and prices of two 
very common sizes of this type of crane. To the figures given 
in the examples must be added the costs of crab winches of 
suitable power, brining the prices of the cranes complete 
except chain, which is usually charged so much per foot, up to 
;^i7and;f23 los. respectively, the two winches referred to in 
Examples Nos. 91 and 92 being those included. The chain 
usually supplied is i in. in the small size, and | in. in the larger, 
being B B short link tested crane chain and charged i id. and 
IJ. id. per foot respectively. 
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A cheaper form of crane, in which the crane post is dispensed 
with (tlie wall being allowed to form the post), is sometimes 
supplied ; but there can be no doubt that the type described 
above is a much more substantial arrangement 

Engineers who have a connection with docks and harbour 
boards, railway companies, and other public bodies find a mode- 
rate and fairly profitable business, as a rule, in connection with 
the ordinary hand wharf crane. This may be briefly 
^^^ described as consisting of a stout central crane 
post of cast iron, partially sunk in the ground in 
the best types and connected with single or double foundation 
plates (usually a casting with six or eight radiating arms). 
The crane-post has a framing of cast iron carrying the winding 
gear swung upon it in such a manner that it may be turned 
completely round. To the lower part of the gearing frame a 
jib, generally of oak, is attached, the head of the jib being 
connected with the head of the gearing frame by wrought-iron 
suspension bars. Sometimes the jib is made of iron in the form 
of a hollow casting ; but good sound oak is mostly preferred, 
and is no doubt better. The timber offers very great resistance 
to compression and is more clastic than iron. Its great elastidty 
is, of course, a valuable feature, enablii^ it to withstand better 
than metal the sudden and frequent shocks which it receives. 
The type will be quite familiar, being found on wharves, railway 
sidings and goods platforms, contractors', ironfounders' and en- 
gineers' yards, and in numerous other situations. The crane is 
to be obtained in sizes from a half to ten tons lifting capacity, 
the most common size being the three ton. We append sum- 
maries of costs of three sizes. 
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Patterns are not included in above. The patterns for the 
three ton size cost in wages, material and expenses practically 
;^2a The crane posts were in all the sizes loam castings, 
though there is no reason whatever why the pillars of the smalt 
size at least should not be cast in green sand. 

It should be understood that the costs are in each case the 
costs of cranes made singly at odd times, and in an establish- 
ment where no special efforts were made to cultivate a business 
in cranes. The weights might be reduced probably ten or 
fifteen per cent, in the three ton size, and about five per cent in 
the two larger sizes, whilst savings in the time and consequently 
in the expenses might also be made. 

The ordinary warehouse hoist is another hoisting appliance 

which lies in the way of most general engineering shops of 

moderate capacity, or at least of such as are situated in towns. 

This hoist in its simplest form consists of a 

^Hotot"^ stout timber cage sheeted on two or three sides 

and strengthened by wrought-iron tie bolts at each 

corner and at other points, arranged to slide freely up and down 

the well of the hoist between two or four guides attached to the 

wall. One or two ropes attached to the top of the cage pass 

over a grooved pulley or pulleys at the top of the hoist, and are 

connected with a balance weight of cast iron arranged to slide 

in a recess in the walL The cage is raised or lowered by means 

of one open and one crossed belt, which drive the pulleys 

through the medium of a screw and screw wheel. A brake is 

attached, being carried, together with the whole of the driving 
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gear, oa'a cast-iroa frame 6xed at the highest point of the hoist 
Passing through the ca^e are ropes, by which the hoist can be 
'worked from the inside of the cage, as well as from the outside. 
Provision is also generally made by which the cage will be 
automatically stopped when it reaches the highest point tO' 
which it is intended to go; and refinements in the shape of 
safety clips or catches, by which the cage will be prevented 
from falling if the rope breaks, are also sometimes provided, 
althoi^h the screw and screw wheel constitute a sufficient 
element of security in all ordinary cases where they are em- 
ployed. 

Following are summaries of the costs of three common sizes 
of such hoists. 
Examples No8.g8,gg and loo, — Costs and pricM of wanbonse lifts or hoists: — 
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While the above figures included ropes, they did not include 
either belts or guides for the cage, A drawing was handed in 
each case to the buyer, showing how the guides for the cage and 
the beams at the head of the lift were to be fixed, and all this 
work was done by the builder. The two smaller sizes had two 
guides only — one at each side ; the largest size had a guide at 
each corner. All the c^es were sheeted with pine on three 
sides, as well as on the bottom and top. The framework of the 
cages was of oak. The erection was in each case local Of 
course, had it been at a distance, there would have been some 
additional expense on account of travelling time and ex- 
penses, etc. 

It must not be supposed that the amounts opposite « Joiners' 
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and pattern-makers " covered the whole cost of the patterns in 
wages. Most of the pattern-makers' wages, strictly-speaking, 
were simply on account of alterations of stock patterns, the 
remainder and all the joiners' time being on the cages. These 
hoists — or, to be more accurate^ lifts, seeing that the actuating 
power is placed at the top — have almost always to be made 
up specially, and the design modified as compared with any 
previous cases. Hence, there will always be found in the cost a 
(comparatively) laige item for draughtsmen's wages incurred in 
takii^ working dimensions, making general design, and so on. 
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CHAPTER XVI. 

MISCELLANEOUS PRODUCTIONS, eonHmad.—IIYDRAULIC 
PRESSES AND PUMPS. 

It is now close upon a hundred years since Joseph Bramah 
gave his great invention to the world, and, in the natural 
exaltation of the moment, claimed for it the distinction of 
a new mechanical power. Bramah was doubtless a 
Bn^&li ''"'^ extravagant in his claims, but even his enthu- 
siastic imagination could hardly have conceived 
how many and how varied would be the applications of his 
invention. A mere catalogue of the purposes to which the 
hydrostatic — or, to use the popular and commercial term the 
hydraulic — press has been applied would fill many pages, 
whilst there are now numerous industries in which the press is 
umply indispensable. 

We may divide hydraulic presses into two or three great 
classes. 

First will come those which are used for compressing or 
packing material into a comparatively small bulk for con- 
venience of handling during sjiipment, and for the saving of . 
space (and consequently of chaises for freight or 
*J^*5 carriage) during transit by sea or land. Under 
this head we may range the ordinary warehouse 
press now so largely used in this and all textile manufacturing 
countries, for packing piece goods of nearly every description, 
together with all the modifications made specially for baling 
cotton, wool, skins, esparto grass, £ax, hemp, hay, straw, and 
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other substances, most of which are, of course, made for use 
abroad 

Secondly may be placed tfaoss presses which are used for 
expressing liquids or semi-liquids from fibrous, granular and 
pulpy or paste-like substances, under which head come presses 
used for expressing water from saturated yarns, particularly 
linen and other heavy yams (now being to some extent dis- 
placed by centrifugal drying machines or hydro-extractors), 
together with tallow, stearine and paraffin presses, and presses 
for expressing the oil from olives and other fruits, linseed^ 
cotton and rape seed, and other substances. 

In addition to these two great classes, there are a number of 
types of presses — for example, forging or moulding presses, 
printers* presses, and presses used in the manufacture of certain 
kinds of tobacco — each of which might be held to constitute a 
class by itself. 

A good deal of mystery is sometimes, and certainly quite 
unnecessarily, attempted to be associated with the manufacture 
of hydraulic presses, more especially in connection with the 
proportioning of the cylinder and in connection 
Hamifaetiipe.^jjj^ the mixtures of iron used for cylinder and 
ram. Of course, an apparatus, some parts of which are intended 
to work under a pressure of one or perhaps ten tons to the square 
inch, and to exert a total pressure of from fifty to a thousand 
tons, must be well designed and made from good material, but 
at the same time there is nothing in either of these conditions 
which need deter any fairly well-equipped establishment from 
entering upon the manufacture of these presses. Most large 
shops, in textile manufacturing places at least, already make 
them. 

The ordinary warehouse or packing press may be considered 
the most representative. This is made in many sizes, from 
5 in. diameter of ram up to 12 in., and with a rise of from 15 in. 
Waretaoiise ^^ izoin. Probably the two most useful sizes are 

or Pa«kinff the two which are the subjects of the summaries 
Press. on the opposite pag& It will be noticed that in 
these two examples, although both the tylinders and the rams 
are loam castings, the former are rated rather higher than the 
latter. This arises from the fact that a superior mixture of 
metal was used for the cylinders, of course with the object of 
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securing in the highest degree the two qualities essential in such 
cylinders — great strength and soundness. 

ExAMPLK No. loi . — Summai7 of cott of 6 brdraiillc prenM, «ilh rams 8 In. 
dUineteT, bavins a liu of 37 in. ; plfttm, or table, 48 in. bj; 38 in. ; heigbt from 
top of platen when down to nndemdo of bead of pren, jx in. 
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The above size of press was designed to work up to three 
tons per square inch in the cylinder, giving, therefor^ a total 
pressure of 150 tons. Pumps are not included in above. 

Example No. 101, — Snmmar; of cost of i bjidianlic presi, with ram 10 in. 
diameter, banng a liM of 36in.; [ilatcn or table, 64in. by 48in.; he^ht from 
top of platen wben down to underside of head of prest, go in. 
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Cbwiad ifijo DM in picM tlaae, u above. 

This press was intended to work with a pressure of two and 
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a-half tons per square inch in the cylinder, giving a total 

pressure, therefore, of close upon 200 tons. It may be pointed 

■odlfleatlons °"* * * variation in the height of a press may 

of Size, easily be made at a trifling additional expense 

when the height is increased, and without 
additional expense when the height is reduced — the columns 
merely require lengthening or shortening. An increase in the 
rise of the ram may also be made, within certain limits, at a 
moderate additional cost, as the cylinder and ram merely require 
to be made longer ; all the other parts of the press may remain 
the same. An increase in the size of the table, or platen, means 
new patterns for platen, sill or base, and the top of the press, 
and, consequently, considerable extra cost — ^practically, in fact, 
a new size of press altogether. 

For both the two sizes of presses given above a similar set ot 
pumps was usually supplied. The pumps were of the ordinaiy 
type for hand power, with cast-iron cistern, brass barrel^ 

valves, and plungers, and wrought-iron levers. 

Each set had two pumps, one 2 in. in diameter, 

and one l in. in diameter — ^the laige pump being, 
of course, used for quickly filling up the cylinder, and the small 
one for putting on the extreme pressura The pumps cost about 
£20 per set, including the usual expenses, and were chained 

The usual quotation for an S In. press, with set of double 
pumps, the necessary connections between press and pumps, 
and including delivery and erection (local), was ;^i2o^ and for a 
10 in. press and pumps, etc., £i.6$ — the foundations for the 
presses being, of course, prepared by the buyer. 

In cases where steam or gas power is available, pumps con- 
structed so that they may be driven by power, instead of by 
hand, are frequently supplied. A set of double pumps as de- 
scribed above, with power drive attachment^ and provision for 
working by hand also, when necessary, cost £^, and was 
charged £60. Pumps for power drive only are frequently made , 
with both plungers of equal size (i in. diameter generally), the 
press cylinder bdng filled up with sufficient rapidity when the 
pumps are driven by power, without the use of the large-sized 
plunger. Power pumps with three plungers for serving a 
number of presses are occasionally required 



Press 

Pomps. 
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The following table exhibits a range of sizes of plain 
hydraulic presses, from which most ordinary requirements may 
be filled :— 
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The ram of any hydraulic press in constant use will wear, and 
in course of time will require to be renewed. Quotations, 
definite or approximate, are rot infrequently asked 
for for such a renewal, and the other work at the 
press which is always necessitated by the renewaL 
The fc^owlng is a copy of an estimate for such a case : — 



Press 

Bepalrs. 



Toinlncdllto a dart 

DiilllDE and fildDH pin .. .. iitT 

Rs-bcrJiig pmant cyllDdar .. ildirs 

TikEna oal neuml cylinder ud nm , nplidDg 
■una, ind pntting In nsir nm, Itavlng press 
IMdT lof worlE 1— 



Qooled £14 DSt, and oidared at this pi 



One small point in above should, perhaps, have special re- 
ference. It will be seen that a labourer's time outside is specially 
included — the press being at a warehouse only, suitable labour 
for assisting a mechanic was not attainable there, and had, 
therefore, to be sent from the engmeers' shop. 
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CHAPTER XVII. 

MISCELLANEOUS PRODUCTIONS, eenHfmid.-~BLEACHING 
MACHINERY. 

Much oT the madiinery used in the bleaching, printing; and 
finishing of textile material — particularly cotton and linen — is 
of a heavy description; some, indeed — the larger-sized calenders 
and mangles, for example — being of a very massive character. 
Consequently, such machinery lies very decidedly in the way of 
good general en^neering shops situated in those districts where 
it is used. Most large general establishments, indeed, situated in 
districts where much bleaching is done, have a connection more 
or less intimate and complete with the bleachworks, and will 
actually manuEacture some classes of the machinery or plant 
required in bleaching, although few, if any, may produce every 
kind of machinery used in this and its allied industries. 

Great changes have, however, been made during recent years 
in many of the processes connected with bleaching and finish- 
ing ; and some old-established engineering houses who formerly 
had practical monopolies in regard to certain classes of bleach- 
ing plant have found themselves cut out by younger and 
more enterprlsii^ firms, who have either introduced novelties of 
their own or have taken up and developed ideas or processes 
suggested by practical bleachers. Much of the machinery, 
therefore, which the older firms formerly supplied, and could 
still make better than anyone else, is now obsolete; 

We cannot dwell upon this class of machinery, but may 
adduce the following few examples by way of illustrating its 
character and possibilities in the way of manufacturing profits. 
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It may be premised that there is rarely much opportunity in 
this class of machinery for the introduction of piecework, or for 
effectit^ economy in manufacture by making in quantities. 
Such machinery is almost invariably made up specially to 
definite orders ; and modifications- of design to satisfy some 
special requirement or some whim on the part of the buyer are 
frequently required. 

It will be seen that in none of the following examples is the 
cost of complete new patterns included. Complete patterns for 
the mangles would be expensive ; but the cost of patterns for 
the kiers would not be serious, as the kiers themselves are made 
from very simple loam boards. The costs per cwt, of the prin- 
cipal castings in examples Nos. 104 and 105 are practically 
gr. 9(i and i is, respectively. 

ExAUPLB No. 104.— Cost of one jam boiler (also staled " kier " and " Icleve "), 
eft. 6 in. diametBi across top, 6 ft, 3 in. diametar at bottom, and 6 ft. deap, wiln 
inlet and rnn^oEF branch cast on bottom, and fitted with perforated false bottom, 
central stand or vomit pipe, and wrought-ifon cover or lid, with spreader on 
underside, saiety valves on top, and provided willi wroagbt-iron binge and 
holding'^own bolts and nnts wiin handles: — 



£ * A 


piS'^- ■•' ■■•' ■■ ■■ 
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Charged £ta net, no pipes or t*]*m aiteroal to tba boUsc or Usi propar beiDg included. 

Kiers or boilers practically the same as described above con- 
stitute an essential element of a bleaching plant, whether for 
yam or cloth. Latter kiers, when made in cast iron, are usually 
made in two parts, the upper one being simply a lat^e hollow 
truncated cone, with a flange top and bottom, the bottom part 
being in the shape of a large deep dish, flanged at the top to 
join to the upper part. The upper half of such a kier is some- 
times called a " crib." The following, summaiy shows the cost 
of a kier of this kind. 
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ExAHFi^ No. 105. — Sammary of cost of bmling pot or kier 7 ft. diameter at 
top inside, txpered to 6 ft. 6 in. at false bottom, in two parts — crib or npper ^it 
3 n. 3 in. deep, bottom 3 ft. 6iii. deep, nith wrotigbt-iron cover and accenories, 
as in Example No. 104 : — 



£ J. J. 

I Bio 
J a 10 


CiibcudBKnoun) 

^^oaJ?Bn''wxi^ .'.' ;.' '.'. '.'. '.'. 
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bciD( at ilw en^negr't (hop, no oulata or eraciuoor '" — ' " — "'— "— 

laeluoad. 
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It will be noticed that the kiers referred to in the two last 
examples had each a lid or cover, covering the whole of the 
top, the hinge being placed at the edge of the kier. As these 

covers are necessarily too heavy to be con- 
^^^""^ veniently raised by hand, a small winch is usually 

provided for the purpose, the winch being generally 
attached to a wall The price charged for a wall winch in con- 
nection with the above kiers was £7 or £^ 10s. The material 
to be boiled may be most conveniently put into and taken out 
of such pots, or kiers, as those in the above examples, by being 
first placed in a large net and then lifted into the pot by a 
crane, the net being hung on to a wrought-iron cross attached 
to the end of the crane chain. A crane for the purpose, and 
having a timber (memel) pillar, jib and stay, screw wheel 
gearing, chain and sheaves, was usually charged £4$ to £$5, 
with ^S extra for wrought-iron cross. A suitable net was 
charged from £6 lOr. t0;f8. In some cases kiers are required 
with open tops — that is, without lids ; whilst, again, wrought- 
iron kiers for boiling under high steam pressure, with closed 
tops provided with large manholes (two usually), to allow the 
goods to be put in and taken out, are not infrequently wanted. 
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Example No. 106. — Cost ol i itarch mangla nitb a sycamore bowli, join, 
face, 20 in. and 16 in. diameter, i brass bowl, 50 in. face and loin. diameter, 
brass plate apreader, compoimd levers (top and bottom), coupling rods and 
adjusting screw boxes, wronght-iron top-setting screws and hand-wheels, strong 
cast-iron side frames and brass bearings, etc. ; driving gear, consisting of spur 
wheel on end of bottom roller axl^ pinion and pair of fast and loose pulley, 
18 in. by 4 in., on axle 4 ft. long, with cast-iron stands, and a a-in. pedestals with 
doable brasses. Speed arranged to ddirei clotb at 60 yards per minute :— 
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ExAMPLB No. 107, — Coat of I mangle, similar to the one described in last 
example, bat with 2 sycamore rollers, each aoln. diameter by 63111, long, and i 
brass roller, 10 in. diameter by 63 in. long, with cast-iron core : — 



Iran CHtiagi (giMnniid)— 
addalruu* 



I bowl ud nnader .. 
BiaH plaM blocki, elo. «. 
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Cturgcd £Tja, Isu] p« cent. commisiIeD, and Including pack! 
&ee OD riili (laol). Puklog coil £1 41., wbich mml bo added 
No trouitb inclndsd. Drawings for maklog Ihii of dmbar at da 



drlting geu inchidad. 



commisiIeD, and Including packing tor •hltnoeni and deliTarr 

... r. .. -i.:.i. . 1.. -S^ed loaboTs to mako lotal coat 

dotiiulion wen iapptiad. No 



The replacing of mangle and calender bowls constitutes an 
important element of the work in connection with bleaching 

, ...Google 
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and finishing, which is done in those engineering shops where 
machinery for the purposes named is made. The 
""^J* following examples will sufficiently illustrate this 
kind of work : — 

ExakplbNo, ioB. — Cost of two aycamore bowls, each 50111. face bj 20iD, 
diameter, with wroaght-inTD axlos 2} in. diameter at ends, collars, filling ring* 
and wedges : — 
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Frequently an old bowl is sent in to be replaced by a new " 
one, and to have as many of the old parts as can be> used again. 
Following is copy for an entry of a job of this kind. 
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by 12 in. diameter, with wrought-tron axle : — 
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Example No. hi.— Estimated price of caat- iron mangle bowl, goio. face bj 
'iSin. diameter, with wrought-iroa axle lofl. long over all, 3^ in. diameter. in 
body, with two bosses s in. diametar, (Profit rates)'; — 



■ 


I cui-iion bowl in loun (aitnhard mixtoie) 

Pluninxkej-bed inula Idaj 

Cqtting ksy-bada la bowl u>a kejing on 


TT; 


it 
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£ _' A 
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Qooled at £35 nei. Order pluml with uothsr hDtue u tboai 10 per ceni. !«*. 

ExAUPLB No, ira.— Snminary of co« of three mahogany calender bonis, each 
44 in. face by 16 in. diameter, with wrongbt-iron axles :— 
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Chvgnl £is net. 

It may be interesting in this connection to give the amounts 

of the tenders made for a " 3-bowl calender, having two bowls of 

cast iron, covered with rubber and 42 in. face by 18 in. diameter ; 

one bowl of brass, 42 in. face by 9 in. diameter, 

*^~^™ with the usual compound levers, entering rails, 

batching gear, and cast-iron framing, with brass 

side-plates, etc" Four tenders were sent in — two Ei^lish, one 
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Scotch, and one Irish. They were respectively as follow — £200, 
£iTO (with a lighter alternative arrangement of framing at 
;^i85),;£225, ;£2IS. Side gearing for driving extra, varying 
from £22 to £^l- All at works or free on rails in maker's 
town. 

EzAHFLX No. 114.— Summary of cost of two double beam beetling engines, 
with Bycamora beaini loft. Gin. £ace byiSin. diameter, boech beetles, cast- 
iron wipers, and firaming, and with single traversing gear fat each machine ; — 



£ u d. 


HaMrilU 

Uilariilvidwwi .. „ .. .. 

E.i™« 

GnittcoM .. 
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118 3 a 

3614 
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Pries £lto net, packing uul dalivs] 



New beetling beams for above, with wrought-iron gudgeons; 
rit^s and wedges, etc, turned and finished complete, were 
usually chaiged from ;£io 10s. to £12. The sycamore logs, 
roughly squared to finish to size given above, cost from 
£^ lOJ. to £^. Extra beetles of seasoned beech about 6 ft long 
by 4j in. by 4 in., in the rough, were usually chained about zos. 
per dozen. 
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CHAPTER XVIII. 

MISCELLANEOUS PRODUCTIONS. coHHmitd.—BRICK- 
MAKING MACHINERY AND MORTAR MILLS. 

It cannot be contended that brick-making machinery has 
realised the expectations formed of it some j'cars ago, either 
with reference to the quality of the brick produced or with 
reference to the cost of manufacture, as compared with hand- 
made bricks. There is still unquestionably much room for 
improvement in the construction of brick-making machinery 
alike with the view of producing a more perfect brick than is 
usually made now, and in saving time in drying and expense in 
handling. Notwithstanding, however, the admitted imperfection 
of brick-making machinery, there is quite sufficient demand for 
such machinery, both at home and abroad, to justify a good and 
well-equipped general engineering establishment in devoting 
some time to its study, and even in sinking some capital in 
patterns, with a view to cultivating a business in machinery of 
this class. 

In its simplest form, a brick-making plant consists of a 

pug mill with two mouthpieces and two cutting tables. An 

elementary plant of this character is not infrequently required 

for use with horse-power, and to make 5,000 to 

^"dcrMiS ^'°°° ''"'^'^^ ^*^ ^^"^ °^ '*" ^°^^' ^^ "*""* 

of Pliuits. ^"'^ * P^"* means that the clay as got from the 

ground is in a fit condition to be put into the 

pug diredv and also assumes that the clay will be fed into the 

pug by hand. 
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What may be considered a complete plant will include, apart 
from motive power, a clay-crushing roller mill, which may either 
have a single or a double pair of rollers, or five rollers ; a pug 
mill with mouthpiece ; a pair of cutting tables ; hauling gear 
and clay wagons for hauling the clay out of the pit direct up to 
a platform on a level with the top of the rollers ; and a brick 
pressing machine for giving a more compact structure, more 
exact shape, and better-finished appearance to bricks required 
for facing and other special purposes. Plants of this character 
are required for producing from 10,000 to 25,000 or 30,000 bricks 
per day of ten hours. 

Sometimes an edge roller mill, similar to a mortar mill, is 
substituted for the horizontal roller mill for the preliminary 
grinding or crushing of the clay. Mixing pans and screens are 
also sometimes required ; whilst a complete plant will usually in- 
clude dies for making perforated, hollow, and other special bricks, 
pipes, and tiles. We append notes of the costs and selling 
prices of a plant capable of making 30,000 bricks per 
day. 

It may be wellto note that all the machines in the following 
four examples are on the heavy side. The weights would admit 
of appreciable reduction without serious detriment to the 
efficiency of the machinery. 'It is, of course, true that machinery 
of this character must be very strong, as the work is, under the 
most favourable circumstances, very heavy ; whilst the occurrence 
of a particularly hard or stony lot of clay may at any moment 
put enormous strain upon the framing, bearings and gearing. 
It is, therefore, far better to err by putting in too much weight 
than in the other way. Still, in the following examples there 
is no doubt a rather excessive margin. 

In the case of the cutting tables (No, 117), there is also, no 
doubt, room for some economy of workmanship, and the same 
remark applies to the pug mill (No, 116). The workmanship 
in the other two examples is probably about right, and would 
not admit of any appreciable reduction without doing injustice 
to the machinery. A wise buyer will appreciate good and 
sound workmanship even in rough machinery of this kind, as 
such workmanship means the consumption of less power, a 
greater output, fewer repairs and less loss of time. 
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■ Example No. 115.— Snmmaiy of cost of .one 5-roller clay crashing 
log mill ;- 
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ExAHFLB No. 116. — Saminai7 of cost of one verticBl pug mill, with doubb 
moQthpiecea, one set brass dies, for plain perforated bricks, and lubricating 
boxes, etc., to work with above mill : — 
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GENERAL SUMMARY. 
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The above plant wss exceptionally strong and well made. 
It made fully 30,000 plain perforated bricks in ten hours from a 
strong coarse clay, having probably rather more than an average 
percentage of stones. On a more favourable clay, and with proper 
arrangements for carrying off, it would, no doubt, work up to a 
higher capacity still. 

Having regard to the weight of the plant and its capacity, 
the price named in above suramaiy cannot be considered ex- 
cessive. The price included erection (local) though cartage was 
done at the buyer's cost The cost does not include the driving 
gear to connect the mills with the engine. This item will, of 
course, vary according to the arrai^ements of the site. The 
extra price of the driving gear in the above case was ^^165. A 
complete set of patterns for above would cost from £"60 to 
£70. 

The above plant would be described as a complete " four- 
process " plant — that is to say, the clay is hauled to the head of 
the mtU, crushed and g^und in the rollers, pegged, and made 
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into bricks in one continuous operation. Had the hauling gear 
been omitted, the plant would only have been a " three-process." 
A simple pug mill with mouthpieces and tables constitutes a 
" two-process " or " double-process " plant 

Below are general summaries of two smaller plants than 
the one of which particulars are given above : — 



Example No. 119.— Brick-maldng pUnt for 


30,ooo brids per daj of 


10 hours :— 
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ExAUPUi No, I30. — Brick-mailing plant for 15,000 bricks per daj of 10 boors :- 
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Mortar 



Nothing is included in either of above summaries, either for 
any special alteration of patterns or for erection. 

It may be well, in this connection, to add the foQowing 
summaries of the costs, etc., of edge roller miUa or mortar 
mills. These mills are occa^nally used in connection with 
brick-maldng, both for dry and wet grinding ; but, 
of course, have a very much wider field of useful- 
ness. They are, consequently, made by many 
general engineers who do not make brick machinery. 

These mills may be obtained in sizes from 5 ft. diameter of the 
revolving pan to 9 ft diameter, and in two designs — one with 
the driving gear below the pan and one with the gear above. 
The former is the less costly arrangement, and for all practical 
purposes is as good as the latter. All the mills in the following 
summary are under-driven. 

The following three sizes are probably the most useful and 
the sizes most frequently required. 
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ExAHPLB No. III.— Snmmafybf costs, etc., of mortarmills:— 






D!anelerolp.n 

Wdghl of^ollen, each' .'.' ',', 

seiitagprtce "?""'.. :: ;; 

Price) of otheimaken .. .. 


•IS 

iScwC 
4toini5«*l- 


7 ft. Sin. 


Jit:!:: 

ift-ain. 




£ '■ d. 




&;.i 




KSJ 


los o 


IZ'l o 




90 D 


Si o 

IDS O 


I'il 



. When required with pans perfQrated in the bottom for dry- 
grinding, an addition of from s to lOper cent will be made to 
above prices. Patterns are not included in above particulars. 
The gross weights given might .be safely reduced about lo per 
cent 

It Is unnecessary to add that all the above mills are for use In 
connection with steam or water power. Smaller mills for 
driving by horses or cattle are required both for home and 
abroad, but come more under the head .of agricuUuial ma- 
chinery. 
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CHAPTER XIX. 

MISCELLANEOUS PRODUCTIONS, conitnued.— VALVES AND 
COCKS. 

The manufacture of valves and cocks is a branch of mechanical 
engineering which is probably now more specialised than any 
other, there being numerous houses, many of high standing, 
who devote themselves almost exclusively to this business. Two 
circumstances have principally contributed to bring about this 
condition ; first, the immense demand which exists for valves 
and taps, and other steam and water fittings ; and, secondly, the 
moderate character of the plant and the comparatively small 
amount of capital required to conduct a business in these pro- 
ductions. 

Probably the larger part of steam and water fittings required 
by general engineering establishments are purchased by them 
from the special makers. Particularly is this the case with the 
smaller class of fittings — water gauges for boilers, oil and tallow 
cups, and the smaller brass valves and taps, for example. At the 
same time, most large establishments prefer to make the heavier 
valves and cocks they require themselves. They have the tools, 
must keep men who can be put tb work of this kind when neces- 
sary, and usually have a range of patterns sufficient for all 
ordinary requirements. Further, a large part of the work in 
connection with valves and cocks is very suitable for the older 
apprentices and junior journeymen. 

Some largeJiouses, having their own brass foundries, find it • 
an advantage to keep one or two brass finishers also, and are 
thus able to make for themselves nearly all they require, even 
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the smaller class of valves and taps and other fittings — except, 
of course, patented or very special articles. It will, however, 
very rarely be the case for brass valves and taps of standard 
types to be produced in a general engineering establishment 
anything like so cheaply as they might be bought from some of 
the special makers. 

It may be, and no doubt is the fact, that a very large propor- 
tion of the brass goods offered by some of the special makers is 
of very inferior metal, light in design, and roughly finished ; but 
what has just been stated with reference to relative cost of pro- 
duction will apply when the comparison is made with the 
manufactures of first -class houses. 

The following examples may be taken as fairly representative 
of the class of work we are now considering, so far as it is done 
in general engineering establishments, though of course they 
must not be taken as exhaustive. 



HxAiiFi^ No. I2Z. — Cost of three ai-in. iteam stop vklvea (frequently called 
Mather and Piatt valves] , with cast-iron bodies, covers, hand-wheels and bridges, 
and brass valves, seats end spindles, flanges faced «iid turned : — 
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ExAupLB No. 133. — Cost of one 5-in, valve, as above:- 



£ .- d. 


CasliroB^ ■.. „ .. 
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Chaigtd ti lu., liu H p«r cent Special makera' prlcea fee Ihli iln ruus bata £4 to £5 St., 
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It will, of course, be obvious that when a general engineer 
makes up a single valve as above, he places himself at a disad- 
vantage as compared with the specialty houses when the 
comparison is with the standard patterns of the latter, seeing 
that such houses usually make their valves by the dozen, and 
by piece-work. 

Under piece-work arrangements the total sum paid for finish- 
ing a valve such as above would probably not exceed 12s. 6d.; 
the iron castings would be bought from some general founder at 
Ss. per cwt or under, whilst the brass would cost from gd. to 
I0t/.perlb. ; and the general expenses would be put at probably 
30 or 50 per cent. less than in our example; Where, however, 
a departure from the standard dimensions has to be made for a 
single valve, the specialty house has not such a decided ad- 
vantage over the general engineer. 

The following was a case in point, the valve ha^ng spedal- 
sized flanges and being exceptionally short between the two 
flanges. The price charged was less than the amount of 
a quotation received for the valve from a good specialty house. 



£ ,. d. 




cw>.qr.lb. 
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£ t.a. 
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The above examples relate solely to the ordinary type of 

steam stop valve, having the centres of the two flanges in the 

one straight line. The typt used for connecting steam pipes to 

boilers, and having the flange at the dischat|[e 

vSvos" ^■'^^ *' "Slit angles to the flange at the inlet side, 

known as "Kingston" valves, and as "Junction" 

valves are usually a litt'e more costly, but may be taken 
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as practically the same. It ts unnecessary, therefore^ to give 
any detailed examples of this type. 

I. brass blow-off cocks. 
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The simpler type of cock in which the stuffing-box and gland 
are dispensed with, variously styled "plain plug cock," "self- 
packing cock," etc., costs about one-third less than above; whilst 
the type now largely used by the best firms, in which there is a 
kind of double or compound gland, which permits the upper 
stuffing-box of the cock to be re-packed under pressure, costs 
about a third more. 



£ t. d. 
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as^^i :: :: :: :: ;: 
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Numerous changes may be, and are in most lai^e shops, rung 
upon the type of cock referred to in the above example, to meet 
the demands which arise from time to' time in connection with 
bleach, dye; and print works, and other establish-' 
of Patterns, ""fii's where large volumes of liquids have to be 
dealt with. A cock of this type may be required 
all brass or all iron ; with one flange and one spigot end ; with 
one flange and one bent or nose end ; with one spigot and one 
faucet end ;.or with two faucet ends, and so on. 
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An engineer's patterns and core boxes for cocks of this type 
generally admit of modification, within certain wide limits, to 
meet such requirements as those indicated, as in the following 
case, where a double flange cock was converted into a spigot 
and faucet cock. 
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Valves such as above should never be made up singly.except in 
special cases. Wherever there is sufficient demand 
to justify the making or keeping up of patterns, it 
will always pay to make staridard valves in quantities of not 
less than half-aslozen at a time. 

On occasions when merely half-a-dozen feed valves, as in the 
last example, were made up at a time, the workmanship per valve 
was reduced fully one.third, as compared with the example, the 
gross cost per valve as put into the store standing usually about 
£1 icxr. 6d. Making up in lai^er numbers and the adoption of 
piece-work would have effected still greater economy in manu- 
facture. 

The following tables show the weights, time of brass finisher 
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occupied in finishing, gross cost (expenses being reckoned as 

100 per cent, of the wages) and selling prices of 

^'^^**' plain brass wheel valves and plain brass plug 

cocks, as made in the brass finishing department 

of a general engineering shop : 

BRASS WHEEL VALVES (FEMALE ENDS). 



su«. 
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None of the scales shown in the above tables can be con- 
sidered perfect That is to say, anyone designing a new 
and complete set of patterns would arrange to have the 
wights, and consequently the selling prices, better graduated. 
However, for work of this kind done in a general engineering 
shop, in ordinary day's time, and in quantities rarely exceeding 
half-a-dozen or a dozen valves or taps at a time, the results 
shown in the above tables (which, of course^ varied somewhat 
from time to time) cannot be considered unsatisfactory. 

Better arrangements in the matter of tools and fixings for the 
lathe would, no doubt, have enabled some time to be econo- 
mised ; whilst in the special brass shops, where piece-woA is 
adopted, very much less is paid in wages for the workmanship 
on these articles. In the valves, for example, from i^. for the 
\ in. size to 3s. for the 2 in. size would be considered good rates 
to pay for finishing. 

On the other hand, it not infrequently happens where brass- 
work of the kind we are now considering is done in a general 
engineering shop, that one or two valves or cocks have to be 
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finished by themselves; and in such cases the time finishit^^ 

will be from a third to a half more than the amounts given in 

the tables, the result being that these articles are sometimes 

sold for less than they- cost Valves and taps of fair quality 

and finish can be bought by engineers at fully a third less than 

the selling prices given in the above tables. 

The following tables exhibit the rates charged in a general 

Tables engineering shop for the valves, etc., specified, all 

of Standard the articles being made in the shop, most of them 

Sizes. being probably heavier than necessary, and all 

carefully finished ; — 
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For brass wheel valves and plain brass plug taps or cocks see 
tables already given. 
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CHAPTER XX. 

PRIME MOVERS. 

The prime movers at present in practical use are the follow- 
ing, viz., steam engines, waterwheels, turbines, windmills, gas 
engines, hydraulic engines (so-called), and hot-air engines. 

Of these only three — steam engines, waterwheels, and wind- 
mills — come within the scope of general engineering shops ; 
the others remain in the hands of certain special makers, and 
arC) besides, mostly of very limited application. 

Windmills only come within the sphere of establishments 
situated in certain districts, as in the Midland and Southern 

Counties of England, or of houses who export to 

Windmills. _, . . ■ l j j -n » v j i^ 

certam countnes abroad, and will not be dealt 

with here, as the writer has no experience of their manufacture. 

Waterwheels come within the scope of a laiger number of 

firms. Most old-established houses in the great manufacturing 

districts of the kingdom have experience of their 

irt^^is! manufacture ; and whilst few new wheels are now 

made, the renewal of buckets, segments, bearings, 

and axles, and other repairs, constitutes in some districts by no 

means an unimportant Item of business. 

Steam engines, however, naturally constitute the class of 

prime movers which claims special attention here. It is no 

doubt tru^ as we are reminded from time to time by very high 

authorities, that the steam engine will some day 

_~™^ be entirely discarded in favour of more direct 

methods of utilising heat ; and it is unquestionably 

the fact that the gas engine (which probably foreshadows the 
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type of heat engine of the future) has already displaced the 
steam engine for certain purposes, as well as occupied fields 
which the steam engine very likely never coiUd have entered. 
Nevertheless, the steam engine is still the prime mover of 
manufacturers, and will probably remain so for more than one 
generation. 

Innumerable types of steam engines are now made, with all 

of which it would, of course, be impossible to deal within the 

limits at our disposal, apart altogether from the question of 

experience. We can only select certain represen- 

^^es of tative types, and deal generally with them. 

Engines. "^^^ types of engine now most favoured for 
manufacturing purposes are : The horizontal direct- 
acting engine, the beam engine, and, to a small extent, the in- 
verted direct-acting engine or the marine type. The latter is 
only very occasionally adopted, and appears to be only supplied 
by engineers who have a marine as well as a general connection. 
This type occupies comparatively small ground space, and may 
be, therefore, well adapted in some very exceptional circum- 
stances ; but it is doubtful whether this advantage, such as it is, 
is not gained at the expense of qualities of more importance 
in manufacturing industries — steadiness and smoothness of 
running, for example. This type is, however, extremely well 
adapted for small high-speed engines. 

Comparatively few beam engines are now made for manu- 
facturing uses. This type possesses the great recommendation 
of being subject to little and very regular wear and tear, and i» 
the most durable type and the most economical in the matter of 
maintenance yet made. It may also, of course, be made, within 
the limits for which it is suitable, as economical in fuel consump- 
tion as any other — indeed, up to recently the most economical 
engines working on land were beam engines. For the purpose 
for which James Watt first made engines — that is, the pumping ■ 
of water — the beam engine is still the most convenient and 
economical, and therefore easily holds its own. This type does 
not, however, lend itself to the high speeds now required in 
manufacturing industries quite so readily as the horizontal 
direct-acting engine, which is the type now most favoured and 
most generally adopted in these industries. 
, The horizontal engine is itself made in numerous modifica- 
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tions. We have, first, the single-cylinder engine, which may be 
either condensing or non-condensing. Secondly, engines with a 
pair of cylinders of equal size placed side by side, and with the 
piston rods coupled up to the same crank-shaft. This arrange- 
ment is commonly — though, perhaps, rather loosely — described 
as a " pair of engines," and may also be either condensing or 
non-condensing, though, of course, invariably the former in 
the laiger sizes. Thirdly, engines with a pair of cylinders of 
unequal diameters placed side by side, with the piston rods 
connected with the same crank-shaft, and working compound. 
This is the arrangement generally indicated by the term 
"compound engine," and is also what is very commonly meant 
by the expression, "pair of compound engines." Fourthly, we 
have Clones with two cylinders of unequal diameters, placed 
one behind the other, with a piston rod passing through both 
cylinders, and working compound, this being the arrangement 
indicated by the term, " compound tandem engine." Fifthly, 
we have engines with two sets of cylinders, each set arranged 
tandem, working compound, placed side by side and connected 
to the same crank-sh^, this being the arrangement understood 
to be described by the expression, "pair of compound tandem 
engines." Other modifications are also in existence, but the 
five just described are the most important and those in most 
general use. 

The cost, and therefore the selling price, of an en^ne of any 

type admissible for manufacturing uses and for a given power, 

will be largely affected by the following conditions, viz. :-^peed 

of piston, pressure of steam, character of valve^ 

Tnw a» valve gear and its auxiliaries ; construction of 

cylinder — ^that is, whether steam jacketed or not ; 

class of fly-wheel, whether plain, geared, turned up for belt or 

for ropes ; and, of course, the general conditions of the quality 

of material employed and the character of the workmanship and 

finish. 

It will be obvious that an ei^ine which is to run at a high 
speed may, for a given power, have its parts made lighter than 
one which is to run at a slow speed ; also, that one which is to 
work with a high pressure of steam may be made with a smaller 
cylinder than one which is to work under steam of a low 
pressure ; also, that an engine with a common slide valve 
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having a fixed and invariable cut-off, and with the-admission of 
steam controlled merely by the governor actii^ upon a common 
throttle valve, may be made for less money than an engine with 
valves, say, of the Corliss type, worked by gear constructed to 
give a variable cut-off accoitiing to the load, and controlled 
direct by the governor. 

The modifying influence of the other conditions mentioned 
upon the cost of an engine will be equally apparent. 

A question which very naturally presents itself the moment 
we enter upon the consideration of tiie costs and prices of steam 
engines, is the followii^[, viz.. Is there any standard or rule by 

^ , ^ . which engines are measured for commercial pur- 
Standard of „„„„ , '^ 
Measurement. P°f*^' 

The importance, and indeed, necessity of exact 
standards of measurement have long been recognised in every 
branch of sdence and industry. Nor are engineers at all wanting 
in regard to the exactness and completeness with which they 
can measure and express the actual power that is at any 
moment being exerted by their engines. It would, therefore, be 
very reasonable to suppose that, for commercial purposes, for 
calculating prices, for selling or buying so important an 
appliance as a steam engine, manufacturii^ en^neers would 
possess equally complete and exact standards or rules of 
measurement. This, however, is not the case. There is at 
present no standard or rule of measurement for commerdal 
purposes of anything like universal or even general use — engines 
being described very lai^ely according to the ideas or whims of 
their respective makers. 

At one time there did exist a universal standard of measure- 
ment, but that was when there was only one firm of steam- 
engine makers — Boulton and Watt 

At present there are used numerous formulse, to all of which 
the misleading expression, "nominal horse-power," is applied, 
and in addition there is used as a standard for calculating prices 
the probable indicated horse power of an engine. 

It furnishes a striking illustration of the extent to which 
Watt impressed his individuality upon the steam engine, that 
not only is the steam engine, structurally considered, to all 
intents and purposes the same to-day as he left it, but a dis- 
tinctly crude standard of measurement which he devised is now 
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in one form almost universally employed for practical purposes, 
and in another also lai^ely for commercial purposes, although 
it never can now be used for the latter without qualification, 
expressed or implied, and always vague. 

One of the standards mentioned — nominal horse-power — is 
now falling into disuse, engines being described, more especially 
in the laiger sizes, simply by their leading dimensions, or by 
the actual horse-power for which they are con- 
Horac'^wBP stnicted or will indicate under a certain pressure 
' of steam. It is, however, necessary to understand 
what the term implies, as it is still used, more especially in the 
price lists of makers of the smaller classes of engines. 

Briefly, "nominal horse-power" is a descriptive measurement 
of an engine which is usually intended to convey an idea of its 
size, on the assumption that its size will be a measure of its 
value without reference to the power which it will actually give 
out 

Originally, and as still sometimes used, the formula for 
determining the n.h.p. was the area of the cylinder in inches, 
multiplied by 220, as the piston speed, and 7 as the mean 
effective pressure, and divided by 33,000. These figures gave 
approximately the indicated horse-power of Watt's time, and 
powers thu^ determined became associated with certain sizes o£ 
engines. 

Afterwards, when higher pressure steam began to be used 
expansively, and higher speeds were adopted, these figures no 
longer gave approximately the actual horse-power, but as the 
power determined by them had become associated with certain 
sizes of engines, it appears to have been considered necessary to 
retain them, and to use the term " nominal " to distinguish the 
power they gave from the actual horse-power. 

The above formula is equivalent to ai'S square inches of 
piston per horse-power ; also to the diameter squared divided 
by ^^ ; and both these formula: were, and are still, used for 
simplicity. Subsequently a modification of the formula, into 
which the length of the stroke enters as one term, was intro- 
duced, and at present the most generally-accepted formula is 
the diameter in inches, squared, multiplied by the cube root 
of the stroke in feet and divided by some figure supposed to be 
a constant, but which in fact appears to be anything betweet> 
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30 and 60 for condensing engines, and 10 and 25 for non- 
condensing engines, according to the fancy of makers. 

Summarising these formula, and taking a condensing engine' 
of 36-in. cylinder and 72.in. stroke, it will be seen that they give 
the o.h.p. as follows : — 
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Such an engine would be described by some makers as a 40, 
and by others as a 50 nominal horse engine. The following list 
gives the sizes of some condensing engines, with the ah.p. by 
which they are described by several makers : — 



D. Ot CjiUodoc. Lcne^lh of Stnli*. 
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The difficulty with regard to ah.p. is twofold. In the first 
place there is no definite principle generally recognised upon 
which to base the formula for determining it. Hence hardly any 
two makers use exactly the same formula. Secondly, almost 
equal diversity exists as to the number of times over the nominal 
horse-power to which engines may be worked. A number of 
makers may be found who agree approximately in the descrip- 
tions they give of their engines in so far as what they call the 
nominal horse-power is concerned, as in the list of engines given 
above ; but, at the same time, very great diversities will be 
found. For example, one maker calls his z4-in. by 42-in. con- 
densing engine a 20 nominal horse engine ; another calls his 
24-tn. by 48-in. (only 6 inches longer in the stroke than the 
former it will be observed) a 50 nominal horse engine ; whilst 
another describes his 24-in. by 48-in. as a 60 nominal hors^ 
engine. The piston speeds given by all the three are practically 
the same. 
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.^ain, whilst probably the majority of makers use difTerent 
figures for determining the nomiDal horse-power of non- 
condensing to those they use for condensing engines, some 
makers allow no distinction and use the same formuU and 
figures for both. Formerly it was not uncommon to find an 
engineer who had unsuccessfully tendered for an engine, 
attribute his failure to having understated the nominal horse- 
power of his engine, or understated the number of times 
the nominal horse-power up to which his engine might be 
worked, and who would, in consequence, resolve to be less 
scrupulous in future and to use higher descriptive rates without 
altering his sizes. Hence, whilst any reasonable formula for 
determining nominal horse-power may be very useful in an 
ei^neering office, where it is consistently employed for the 
purposes of ready calculation as to prices, there is none of any 
value for the purposes of general comparison. 

Obviously, the ratio between the nominal horse-power of an 

engine and the actual power up to which it may be worked 

Ratios *'^ depend upon the way in which the former is 

nominal to determined. If we take as the nominal horsc- 

iDdicated power for condensing engines 22 square inches 
Hopso-power. of piston area, or what will generally amount 
approximately to the same thing, 
(diameter piston in inches)' x V stroke in feet, , - 

46 
non-condensing engines, 11 square inches of piston area or 

(diameter piston in inches)' x •/ stroke in feet _ , . 

19 °""" ^ 

which will be found to agree approximately with the practice 
of probably most of the best makers — ^thea we shall find that as 
a general thing the indicated horce-power up to which modem 
engines are worked will be about the following, viz. : — 

Noa-condenmng eogio^ three to five times tha nominal horse-poner. 
Simple condensing engines, five to eight times the nominal hor^e-power. 
Compoond condeosing enginea, four to leven times the nominal hone-poner. 

In calculating nominal horse-power, tiie area, or the square^ 
of ail the cylinders which go to constitute the complete engines 
must^ of course, be added together. 

The sole use of the nominal horse standard of measurement 
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where it is employed at all, is as a basis for commercial calcula- 
tions. The cost or price of any engine, per nominal horse- 
power, will, of course, depend upon the formula 
„*^P used for determining the nominal horse-power, and 
will be modified by the conditiojis already men- 
tioned. Talcing the formulae last given, viz : — 
(diameter)' x ■^'stroke , (diameter)' x ■v^ stroke ,,. 

46 ^ 19 ^* '"^ 

prices will range about as follow^ viz. : — 

„ ^ Horizontal non-condensing engines, with plain 

iag Engines, slide-valves, governors, equilibrium throttle valves, 
plain fly-wheels, and all usual mountings: — 

Rrom a to siLkp., Zz3 to £i7perD.h.p. 
From 5 to 15 „ /ao to £n 10s. per a-h-p. 
From 13 to 50 ,, ^14 loi. to ;£io lot. per n.h.p. 

The higher rates given for the latger sizes would, with most 
makers, be allowed to cover some simple form of variable 
expansion valve gear which would admit of adjustment by hand 
whilst the engine was in motion ; the turning up of the rim of 
the fly-wheel to make it suitable for carrying a belt, and the 
construction of the cylinders with steam jackets. For Corliss 
valves and automatic cut-off gear, from £4 lar. to ;^3 los. 
extra per nominal horsepower should be required ; and for fly- 
wheels turned up for ropes about £l or j^i Jj. extra per nominal 
horse-power. The weights per nominal horse-power would vary 
from 16 cwt. down to 6 cwt. The above rates apply to good 
strong engines, such as would be made in a first-class general 
engineering shop (see list of engines following). 

Some special houses offer lighter classes of engines in a 
number of small sizes to run at high speeds, the weights of 
which range from 3 to aj cwt. per nominal horse-power, and the 
prices from ;ti2 los. to £g per nominal horse-power. Coupled 
engines, or pairs of above type, that is — engines with two 
cylinders of equal diameter placed side by side and coupled to 
the same crank-shaft, would by some makers be charged at the 
same rate per nominal horse-power, as they are, of course, 
practically two complete engines. Others would, however, 
tate them about 5 per cent less per nominal horse-power. 

Horizontal simple condeosing eiigine^ with plain sUde-valves^ 
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governors, and equilibrium throttle valves, plain fly-wheels and 

horizontal air pumps worked from back prolon- 

^"p^-^-* gation of piston rods in the smaller sizes, and in 
Engines, ft ■ . . . i- . ■ 

the large sizes, vertical or diagonal air pumps 

worked from crossheads or from back prolongation of pistcm 

rods: — 

Frtnn lo to 30 D.b.p., £35 to £ts per n.h.p. 

ao ii.b.p. and npwuds, £)» lot. to /ao per n.b.p. 

If with variable and automatic expansion valves and gear, 
say of the gridiron type, working at the back of plain slide- 
valves ; or with Corliss valves, and automatic gear, from £j los. 
'° £S P^ nominal horse-power extra. If with rope fly-wheels 
from ;^3'to j£2 per nominal horse-power extra. Weights would 
range from about 12 cwt. per nominal horse-power in the smaller 
sizes to 25 cwt. in the latter. Pairs of engines (two cylinders, 
side by side, coupled to same crank-shaft), about 10 per cent 
less per nominal horse-power. 

Horizontal compound condensing engines (cylinders side by 

side) with plain or geared fly-wheels, plain slide-valves on low* 

pressure cylinders, gridiron cut-ofT slide-valves or Corliss valves 

with automatic gear controlled direct by governors 

Enrbies. "'^ high-pressure cylinders, and with plain (not 
steam-jacketed) receivers between high and low- 
pressure cylinders, from jC^o to ^^22 lor. per nominal horse- 
power. Steam-jacketing both cylinders and also receiver would 
add from jCi lOs. to £1 per nominal horse-power. Rope fly- 
wheels from;^3 to £2 per nominal horse-power. 

Horizontal tandem compound engines, otherwise as above, 
from £2$ to jC^o per nominal horse-power. 

Simple condensing beam engines, with wrought-iron con- 
necting rods, plain or geared fly-wheels and cast-iron beams^ 
from £36 to ;^22 per n.b.p., according to character of valves 
and gear and size of engine. The higher rate would now cover 
equilibrium, conical or double-beat valves, or Corliss valves 
with automatic gear. This rate might also in some cases be 
allowed to cover wrought-iron beams instead of cast-iron 
beams. For engines as above, in pairs, about 10 per cent less 
per n.h,p. 

As already intimated, nominal horse-power as a standard of 
measurement is not so much used now as formerly ; many of 
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the best houses rarely employ it in their calculations, but prefer 
to rate their engines at so much per the actual 
ii(Sm**** indicated horse-power up to which they are con- 
' structed to drive. The rates per indicated horse- 
power for horizontal non-condensing engines rang^e from £,J 
down to ;^4 in the smaller sizes, and from ^6 down to £,% in 
the larger sizes. For horizontal simple condensing ei^ines, the 
rates range from ^'J down to £% ; for horizontal compound 
engines, from £,% down to £^ ; and for horizontal compound 
tandem engines, down to as low as £,% 101. For beam engines, 
the rates range from jC^o down to £$ per indicated horse- 
power, and to about 10 per cent less for ei^nes in pairs or 
coupled. 

From the figures just given it will be seen that very great 
variations exist in the prices quoted for steam engines. These 
differences are determined partly by the class or type of engine, 
partly by the style or finish in which it is got up, 
partly by the material employed, and partly by 
the different values which different houses set upon their pro- 
ductions, or the amount of profit for which they are wiUing 
to work. 

Good plain horizontal non-condensing engines can be made in 
a general er^neering establishment to indicate, say, up to 80 or 
100 h.p., and to leave a reasonable margin of profit at from 
£4 lOJ. to jC3 ictf. per i.h,p. ; and high-class non-condensing 
engines of this type, with Corliss valves and automatic gear, and 
with fly-wheels turned up for belts or ropes, at from jC$ los. to 
^4 I Of. per lh.p. Good strong horizontal condensing engines 
with compound slide-valves (gridiron cut-off valves on back of 
plain slides) and automatic gear, to indicate up to, say, 150 hp., 
can be made at from ;^5 to £4 per i.h.p. ; with rope fly-wheels 
from £s lOr. to jC4 los. ; and with Corliss valves, steam jacketed 
cylinders, and rope fly-wheels at £7 to £6 per Lh-p. Good 
strong horizontal compound condensing engines, with Corliss 
valves and automatic gear on high-pressure cylinder at least, 
and to indicate up to 2CX) lh.p., can be made at from £6 los. to 
^5 5^. per i.h.p., and larger sizes up to, say, 400 th.p., at from 
£4 los. to £4 ; or, including steam jacketing throughout and rope 
fly-wheel, at from £$ to £4 los. 

Good plain beam engines, in pairs, to indicate up to400i.h.p.. 
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and with automatic valve gear, can also be made at front 
£6 IDS' down to £^, whilst an extra los. or ijs. would permit 
a high-class job to be made. 

These rates will cover delivery and erection locally, and all 
the usual mountings and accessories, but no^ of course, any 
builder's work. Some makers would include steam pipes from 
boilers to the engine ; but others would charge these extra at a rate 
per cwt erected — say from 125. to i6s. per cwt The rates per 
i.h.p. just g^ven would allow the engines to be constructed so as 
to develop their specified powers with a reasonable weight of 
steam — say, not exceeding, in the compound engines, a con- 
sumption of 2^ or 2^ lb. of good coal per Ib-p. per hour, provided, 
of course, that the boiler efficiency is reasonable. 

When making up a formal estimate of the cost or price of 
an engine of a type more or less new to the establishment it is 
convenient to take a plain or simple type which has already 

been made as the basis of calculation, and to add 
w ShilSing ^"'"^ *** cover the probable extra cost of the 

departures proposed to be made from the plain 
type used as the basis ; and this, of course, whether the nominal 
or the indicated horse-power be used as the standard of 
measurement thus, 

ExAupLB Ho. i3o.--Estiinated price of ona horizcmUI, noiKondniauig, hlgh- 
pressura stearrt engine, with cylinder I^i-in. diameter by 36-ui. stroke^ sprioK 
coil piston, Corliss valves and antoniatic gw for admission valves controlled 
direct from governor, rope fly-wheel 10 ft. 6 in. in diameter, with grooves for fiva 
ropes and to weigh abont 3} tana. Engine to Indicala Co h.p. at 65 revolutions 
per minute with 80 lb. steam pressore in boiler. Profit rates : — 



Buii iTpa. Hoctnolal mgliw with jitia *Ud»- 
valti, aqidllbfigm Umttle nht, hIgHpeed ito- 
Tenwr ind pUla flf-iriiMl, &> Lh.p. al 

Eim for CotUu <ral*M wltb aceantiic drive for 
■ihuut-nlvca mi «BloDnHe gaar fin KMin-njTe* 
coDDactad dinct wllh (onmer 

Eitn foi rape llj>wlMel, Mv jt too*, tt 



SajfloULp.,*! 



We now supplement the general rates for steam engines 
which have aheady been given, by the following notes of the 
actual costs and selling prices of a number of engines, most of 
which may be considered as of a representative character. 
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The engines in all the examples were strong and well and 
carefully made. Probably the weights were in most cases on 
the heavy side — in one or two instances decidedly so. It is 
safe to say the workmanship might, in every instancy have 
been reduced by better ot^anisation and direction. 

E:uMi>LB No. 131. — Horizontal, hlgh-pressare, non-condenaii^ engines, with 
metallic-packed pistons, steel jriston-toda, crank-shafti and crank-pins, hammered 
■crap-Inm connecting rods, plain slide-valves, qnick-speed governora, eqailibrium 
throttle valves, plain fly-wb^s, boiler Ceed-pumps, steam sto{>-valve8, lubricators 



d other monntin^, slroT^ cast>iroii bed-plate, and foundation Ixilts complete ; 
tinders lagged with felt aod polished wood. Delivered and erected locally : — 



Sluof CTlindei,. .. 

Nomlnil b.)) 

ladlcaledtLp. .. .. 

Ravolntioos per mlnul* 
CioMwelglu 

PiJc<(pattinuuock) '* 




(ofb. 
Bo 

aocwt. 

IK 



The above costs are the costs of engines made up singly. 
Anyone, however, laying himself out to make engines of this 
class on a proper system, and making, say, half-a-dozen of the 
small size at a time, and two or three of the larger sizes, could 
cheapen the actual cost of manufacture, as compared with the 
above figures, considerably, and thus secure a larger profit, or 
reduce the prices. In order to compete with engines of this 
class as made and sold to-day by good specialty houses, the 
prices would have to be within the figures as shown in the 
following table, viz. : — 



Stia of crUnder 
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9 x1s 
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There is no doubt that good, fairly strong, and well-made 
engines can be made profitably to sell at the above rates by 
anyone whose connection is such that he can depend on regular 
orders, or who will lay himself out to make such a connection. 
The prices given would allow a discount of a J per cent to users 
where delivery and erection are chat^d extra, or the usual 
commission and discount to merchants for re-sale, say 7^ per 
cent, or not more than 10 per cent alt<^ether for prompt 
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Example No. i 



i.butwilhspurSy-wbed. Strong 



and 


well-made engine :— 




■ 


SluofcTlinder 

Cinedn.tLp. 

latcndcd lor Lfa.p 

^of'Stferiii :: :: ;: :: :: :: ;; :; 

iragu,liidDdla|£4fore.«cli>m 

Grou coil (paitenwiiock)!! .'. '.'. '.'. '.'. '.'. '.'. 
„ pn'i±.p.iiatkoari»s\'> '.'. '.'. '.'. '.'. '.'. ','. 





Considering the weight of above engine, and the fact that it 
was really very well and carefully made, the price charged is 
very moderate- 
It will be seen that the profit is 23 per cent on the gross 
cost, which cannot be considered excessive^ as something must 
be allowed for the use of the patterns. The term "patterns 
stock " simply means that existing patterns were used. Hence 
the wages included only a small amount of pattern maker's 
time for getting out, repairing and making slight modifications. 



EicAMFU No. 133.— Horiconbl, high-preuriiT^ noD-condenaiiig engine nith 

alinder la In. by aein. stioka. with ateel coil pistoD, steel piaton-cod, crank- 
aft and crank-pin, bammered scrap-iron connecting-rod and crOBs-bead, Corliss 
valves, i«iarate eccentric for eihaast and steam valves, latter with trip gear 
controlled direct by governor, quick-speed governor (Porter type), flv-wlieel 
eft. 6 in. diameter, turned np for five ropes; cylinder lagged with felt and 
polished mahogany nith brass bands, all naiul mountings, A good, high-class 



Sit* ot aSadm 

Kk Bp to Lh.p 

I (reigtit— enpna onlj.. 



Tout coU, aidndiDg paltsni* 



"SX 



III of ptiltmt ud dnwi 



P I 

•£■11 

4 IS 



It win be seen that the price charged just about covered the 
total cost, including patterns and drawings ; but as the patterns, 
etc., were considered to be fully worth to the establishment the 
amount which stands opposite to them in the above summary, 
and as the above cost was of the first engine made from the 
patterns, and it was anticipated that savings could be effected 
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ia future engines from the same patterns, the total result was 
not considered unsatisfactory. 

ExAHPLB No. 134. — HorizoQtal, son-eondeDsiitg, 14 by 30, with componnd 
slide-valves, adjustable by hand (separate valves for steam and exhaust, and 
separate eccenlricsj, rope fly-wheel loft. 6 in. diameter, for four ropes; plain 
governor and equilibrium throttle valve, cylinder lagged, all mouotings, etc. : — 



N."s.!c; 




• ■■ 
























„ PBTlh-l 







Some alterations of patterns, amounting to about £10 total 
cost, are included in the cost given above. 



■peed governor, sepaiale eccentrics for steam and exhanst valves, rope fly-nbeel: 
10 ft. 6 in,, for five ropes; cylinder lagged with felt and polished mahogany,. 
steam-valve and all nsnal moimtings : — 



Sim oI nUnd«r 
Noadnsl iKKM'polIer 
Appnilmau Lh-p. - - 
R«volalxH» per m! 



Grnscatt 



psilvn*) 

sod fljMrhMl (ticlDdiDg ^lenu) 



It will be seen that the above did not leave any lai^e mai^ia 
as pro6t when the cost of the patterns is included in the total 
amount ; but it will be dear that if the same price is obtained 
for other engines from these patterns, they will pay fairly 
well, apart from the possibility of making the engines for less 
than the amount which appears opposite total cost in above 
summary. 

All the en^nes, of which the particulars are given above, 
were, it will be seen, constructed to work as non-condensing 
engines. Any one, however, from Na 132 to 
and Pumps. ^°" ^35. might very conveniently be converted 
into a condensing engine by having a horizontal 
condenser and air-pump placed at the back of the cylinder so 
as to be worked by a prolongation of the piston-rod. The 
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costs of suitable condensers and pumps, and the extra prices 
which might reasonably be charged for them, would run about 
as follows : — 

AppiailDula CMts. Eim ptiem. 

Eiamplet Nca. 133 and 133 ... ^65 £go 

No. 134 74 100 

„ No. 13s 78 105 

Cheaper condensers might be made, but the above figures 
would permit the condensers and connections to be welt made, 
so as to be in keeping with the engines. The approximate costs 
given would not cover entirely new and complete patterns, so 
that something would have to be added on this account in the 
case of the first manufactured. 

Example No. 136. — Horizontal, condensing, steel coil piston, mild steel pistoa 
rod, crank-shaft and pin, plain slide valve, plain governor, equilibrium throttle 
valv«, plain flj-wbeel, cylinder lagged as before, steam stop valve and usual 
mountings. Air-pump vertical below engine level, and worked from back pro- 
loogation of piston. Good plain job : — 







.8-36 










ejwM 








GtoM emi, ucluiive ol ptiim 


nu,bDtii>dadiiig«r< 


jciEon.. .. 


i 4 S 




« POrih-P 



The above cost was considered too high, and should have 
been at least 10 per cent less. 

Example No. 137. — Horizontal, condensing, iSin. X36in. steel coil piston, steel 
piston rod, crank-shaft and pin, hammered scrap crank, connectiog rod and 
crosshead, slide valves with giidiron cnt-ofT valves at back, latter worked by trip 
gear driven by borizontaJ shaft and connected direct to quick-speed governor ; 
condenser and air-pump under engine level, and worked off back prolongation 
of piston-rod, rope fly-wheel, 13 ft. diameter for six ropes. Good, strong, high- 
class job: — 



Site of cyllader 



u weight, enilne onlj' . . 
co>i dilio, lncliidin| abool 
TVIteriiB, tad incTuding 



ibool £40 00 accDiml ot ilteiatiaM irf 



iBx j6 



The above engine *as considerably heavier than was neces- 
sary, and might have been made lighter to the extent of 5 to 7^ 
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per cent without disadvantage to the engine and with advantage 
to the makers. Other quotations for the above ranged from 
jf 390 to £500. 

EzAuPLE No. 138. — Horiionta), condensmgeiipne, cjlindar aoin.xsein. spring 
, coil pistoD, slide valves with gridiron cut-off ^vet and sutomatic gear, etc, 
generally same as last, bnt with plain flj-wheel ; — 



of CTUoder 
Jul Done.powa: 
d«d far Lb. p. 
I weiiht, BDiiDa 
cixidliia.Tnel 

icoMo^dli" 

coU of uigiDa and fij-wltBel 

[>arLh.p.'.', '.'. '.'. '.*. 



idiof £43 on allcration of paturnt .. 



ExAHPLB No. ijg. — Horizontal, condennng engine, aoitLXsCin. spring coil 
[Hiloii, Corlis* valves and antomatic gear for steam valves, condenser, monni- 
ings, etc, as before; cjlinder steam-jacketed; spar fiy-wheel ; — 



a of CTlInder 

minalDonfr-powBT •> .. 
flDdfidfbr IJi.p. .. .« .. 

Gion wdcbl^ engine onl; ,. 

„ flr-vrbMl 

„ paitune ud dniriafs 

Tool r. .. *: 

Priee 



«S;i. 



EzAMPLZ No, 14CL — Horizontal, compoond, condensing engine, nritb cylinders 
13 in. and 3 1 in. by 36 id., Corliss valves and antomatic gear on bigb-pressure 
CTlinder, plain slide valves on low-pressure cylinder, plain fly-wbeel abont 13 ft. 
liameter, receiver between cylinders ; condenser and monntiogs, etc., aa before : — 

Site of crliaden liianduxiG 

NoiolMlliorio-power x> 



BxAMPLB No. r4i. — Horizontal, componnd, condenting engine^ Corliss valves 
on both cylinders ; both cylinders steam-jacketed ; fly-wheel, spnr iG ft. diameter 
and abont 10 tons weight ; condenser, mountings, etc, as before ; — 



S3a of nUndcn 
" niaiJ ntrje-power 
irorki.ptaiS.p. .. 
., .aludoiu per m^nata 
WeUbt ot flr-vbeel .. 
Grou COM of engine.. 



£980 o 
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The above cost incluiled nearly ;^ioo on account of patterns, 
which it would not be necessary to expend in the event of 
another pair of engines being made from the same patterns, 

Example No. 142.— Horizoatal, compomid, condensing, Corliss valves on bolh 
cylinders, receiver between cylinders, all steam-jacketed, rope By-wheel a It 

diameter a.nd about 20 tons weight : — 



Nominal harse-paw<r 



As in the last example, the cost of above included a consider- 
able sum — about ;f 190— on account of patterns. 

ExAMPLB No. 143. — Horizontal, compoasd, undem, condensing. Corliss valves 
on high.pressure cylinder and slide valves on low-pressure cylinder, rope fly- 
-wbeel about 16 tons weight : no steam jacketing : — 





SiiHof CTlinden 






























31s 



A comparatively small sum — about £60 — appears in above 
cost on account of patterns and plans. The price must be con- 
sidered low for a good job. 

ExAWFLB No. 144.— Beam, condensing ennne, gnn-metal equilibrium tappet 
valves worked by trip gear controlled direct uom governor, cast-iron beam (extra 
strong cold blast iron mixture], wrought-iron connecting rod, steel craak-shaXl, 
crank-pin and piston rod, all usual pumps and mountings, rope fly-wbeel about 
10 tons weight : — 





Si« of c llndu 






Naminal hane-pmer 

Toworkup«.iS.p 

Boiler pre (snrs 

C™™.bd»iing£*on«c 








™Vu.p.:: :: :: :: :: ;: ;: :: :: 


.„ 6 



The amount mentioned for plans and patterns in above only 
covers the cost of the ordinary plans required in connection 
with every new engine, and the cost of overhauling patterns, 
making sundry repairs upon them and small alterations. Prac- 
tically, no new patterns or designs were required in this case. 
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EZAMPLS No. 145. — P^r of beam, coodensing engines, gun-meUl eqailibrium 
lappet valves, automatic gear, controlled direct by governor, cast-iron beams, 
hammered scrap connecting rods, crank-shaii and cranks, etc. , usual moaotings 
and cannections, spur fly-nheel about 30 ft. diameter and 25 tons weight :^ 



Si la of cilia den 

Notpiomltiona-power ., ,. , 
To.w«kup^o^a..p 

Grois cot, locludiDg lunal plans and prepuiii 
.. parLh-p... .. ! 



£■.96^ <» 



Otiwc tandera for tb* aboT* pair of ta^att naied fiom £i,goino £i£io. 

Iq all the preceding examples of engines the cost given 
includes erection locally (where the erection was not actually 
local, the cost has been reduced to what it would have been in 
such event for the sake of equal comparison). One or two 
superior labourers were usually sent by the engineers with their 
tradesmen to erect, but the general common labour was pro* 
vided by the buyers. No pinions or pulleys on first-motion 
shafts are included. 

It will be seen that in those cases where new or practically 
new patterns had to be made, the margin of profit is very small, 
and it may be taken as a general thing that prices where new 
patterns have to be made will not do more than merely cover 
their cost in the case of the first engine made — that is to say, 
the patterns in such cases will have to be taken as the profit 
Indeed, it will not infrequently happen that more than one 
engine will have to be made and sold before the cost of the 
patterns and drawings is entirely recovered, except in the case 
of special designs, the prices of which ought, of course, to cover 
all expenses and leave a fair profit. 

The renewal of parts of steam engines and general overhauls 

constitute a most important part of the business of a general 

engineering establishment, and it is therefore desirable to give 

Enirlne **''^ °^ ^*° examples of such work before passing 

BepalFS— from this section of our subject. Breakdown jobs 
Breakdowns, are usually the most profitable that enter an 
engineer's shop. The order, as a rule, is given to the engine 
builder, because he is naturally in the best position for doing 
the work quickly (at least if locally situated), without inquiry as 
to cost, or, at most, with merely a general inquiry as to pro- 
bable cost of any particular part which may require renewal ; 
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the instructions generally being practically " Restore our engine 
as quickly as you can, work night and day whilst you are at it, 
and do the best you can for us." 

Nor can anyone blame an engineer for charging his highest 
rates in cases of engine or other breakdowns. Such work 
always demands extra care and attention on the part of the 
principal, or his managers and foremen ; interrupts and 
suspends for a time other work, probably with the result of 
giving offence to other customers ; and generally disorganises 
the business of the establishment, and not infrequently, espe- 
cially if a heavy job involving much overtime, demoralises the 
men for many days. It is, in most cases, a distinct advantage 
to a millowner or other proprietor to have his engine restored 
to working order in the least possible time, and he can there- 
fore reasonably be chained an adequate sum for the use of the 
appliances, ability, and knowledge which the engineer devotes 
for the time being to the attainment of the object in view. 

It may be added that in many a case the breakdown of an 
engine is directly due to the fact that the establishment served 
by it is particularly busy, and that in consequence a heavy 
duty was being taken out of the engine at the moment it gave 
way. A manufacturing engineer, when making up his account 
for a breakdown job, may, of course, be trusted to fully appre- 
ciate such a circumstance. 

Engine breakdowns are, however, steadily becoming less fre- 
quent comparatively, as the old types of beam engines, with their 
cast-iron coimecting-rods and beams, are being replaced by the 
modem horizontal engine, in which all moving parts subjected 
to much strain, except the fly-wheel, are constructed of wrought 
iron or mild steel With all their many excellent qualities, the 
older beam engines were unquestionably of a type calculated to 
provide good breakdown jobs to manufacturing engineers. The 
breaking of either connecting-rod or beam usually meant the 
breaking of both, and the knocking out of the cylinder bottom 
in addition. Hence these older engines have provided many 
good accounts to engine makers for replacing the cast-iron con- 
necting-rods and beams by rods and beams of wrought iron. 
The modem horizontal engine, apart from quality of material, 
is undoubtedly of a stronger type, structurally considered. 

The following copy of an account for a small breakdown 
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repair will illustrate a suitable fonn in which to make up and 
present an a<xotint in such cases. We also append summary of 
the cost of this job. 
ExAMFUE No. 146. — Account far an cngina brealcdomi repair (beam engine) : — 
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SUMMARY OF COST OF ABOVE JOB. 
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PRIME MOVERS. 



In addition to foregoing, there was an account for men out at 
the mill putting up the new parts, but it is not necessary to set 
out the particulars — the time was charged at the ordinary rates. 

It will be seen that, after the discount is deducted, the price 
charged for the work represents a profit of fifty-five per cent, on 
the gross cost. This rate in such a small case cannot be con- 
sidered excessive, as the work demanded nearly as much 
attention on the part of the management as a much laiger job 
would have done. 

It may be pointed out that in this instance, although it was 
the beam which gave way, the fracture was detected in time to 
prevent any serious crash. Advant^e was taken of the stop- 
page to make the other repairs indicated in the account as they 
were needed. 

Estimates or tenders are not infrequently called for for renew- 
ing parts of engines, and whilst all engineers will, 
fo^eoemb. *"*^ properly so, demur to giving tenders for 
general repairs, yet as the workmanship in con- 
nection with the renewal of a definite part can usually be pretty 
closely estimated, there is no objection to giving quotations for 
such renewals. 
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The cost of the above turned out to be £iS 7s. tod., the 
estimated time proving to be very nearly as above. The time 
turning up the valves was a little more than estimated, and the 
time erecting a little less. The castings came out a few pounds 
heavier. 
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ExAMPLB No. 14S. — Estimated prices of i mild steel ciank shaft and 3 crank- 
shaft pedestals for ditto for (Profit rates) : — 
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All ordered ai the snin of £140^ leu li pv cent. 
ExAUPU No. 14Q. — Cost of I hammered scrap-iron dank-pin :- 
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Charged £8 oet. 

Cases similar to the oae indicated in the following example 
are of not infrequent occurrence in establishments situated in 
manufacturing districts. 
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The cost of the above job, as far as the part included in the 
above extract is concerned, was as follows, viz. : — 
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Pistons. 



The renewal of pistons is another important element of the 
section of an engineer's work which we are now reviewing. A 
crank-shaft, connecting-rod, crank or crank-pin, will as a rule 
only require renewal in the event of a breakdown 
(if made of good material in the first instance) or 
in the event of a Saw in the foiging showing itself in course of 
time. A piston will require renewal, sooner or later, owing to 
mere wear and tear. Frequently, though not always, the 
renewal will be accompanied by the re-boring of the cylinder. 
Whilst a new piston, however, does not necessitate the re- 
boring of the cylinder, the re-boring of the cylinder invariably 
necessitates a new piston. 

Tenders are frequently required for new pistons, but an esti- 
mate clerk or draughtsman is rarely called upon to make up an 
estimate for a new piston in detail. Every establishment where 
much engine work is done has its own scale of prices for pistons, 
based upon former costs and upon the experience of the esta- 
blishment as to what prices are to be obtained in ordinary 
competition. 

The following table may be taken as showing the range of 
prices for good pistons with steel coil springs. The rates given 
are per inch of the diameter : — 



TABLE OF PRICES OF PISTONS WITH STEEL COIL SPRINGS. 


DUm..^. 


Priw per Inch. 


It iDchM to K. ioebM. 
30 " *» « 

S : s : 


lis " 2" 



,y Go Ogle 



nsTONS. 203 

For pistons below about i2 in. diameter plain flat springs 
are most generally used. The above lates will also apply to 
air and other pump buckets when of iron. Brass buckets are, 
of course, much dearer. 

It is a common and wise practice when it is suspected tliat a 
cylinder will, before long, require re-boring or a piston renewing, 
to have either or both examined some little time before the 
approach of a season of the year at which it will be convenient 
to have the one done or the other put in. If it is decided that 
a new piston will be required, the order is usually placed so 
that the piston may be made under ordinary working con- 
ditions, and be ready when wanted. 

We append one or two examples of costs of pistons. 



ExAUPis No. isi. — Cost of piston 18 in. dinmeter. with steel coil spring :— 
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EiAunx NCL ist. — Cost of ana pittoa, 34 io. diameter, with ateel coil spriog:- 
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ExAkiPLB No. >53. — Cost of one ^aton, 34 in. diameter, with steel coil spring : — 
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It will be understood that the costs of pistons Just given do 
not include the making of complete patterns or boards, but 
merely general alterations and adjustments. The cost of com- 
plete boards, etc., for pistons is not, however, very much where 
the castings are made in loam. 

It may be well, before leaving this section of our subject, to 

Tenders S'^e an example of a specification of an engine, 
and as sent out, accompanied by a tender, by an 
SpeclfleatIons.engineering establishment • 

Many tenders for engines are merely letters, simply des- 
cribing the leading features and giving the leading sizes of 
the engine, and stating price. Most people, however, who are 
contemplating the purchase of an engine of moderately large 
dimensions like to receive a more detailed description of any 
engine offered to them, and most engineers prefer to give a 
detailed speciiication, with the twofold object in view of tho- 
roughly impressing the buyer with all the meritorious features 
of the engine offered, and of preventing misunderstandings. 
Hence it is desirable for the student to have an idea how to 
draft such a specification. 

Some large firms who have complete engineering staffs draw 
up specifications of their own when requiring engines, and 
invite tenders upon those specifications. Many public bodies, 
also, as, for example, water or sewage authorities, when requiring^ 
pumping engines, follow a similar practice, or, perhaps, have 
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specifications drawn up for thera by professional consulting 
engineers. 

The specification is most conveniently written on foolscap 
paper, having a wide margin, in which the headings of the 
paragraphs may be written ; thus, 

Part Copy of Engine Specification. 

Speccfication of Horizontal Hich-Pbessuks Cohdeksino Stbaii Ekgine, 
TO Indicatr iSo Horsb-Power at 6a Rbvoldtions nn Mihutb, ano 
wiTB SoLB. Steam Prsssurb, fok Messrs 

CvLiHDBi). — The ei^ioe proposed will have a cylinder 3410. in diameter for a. 
strolte of 4 ft., with valve-cbests for Corliss valves cast on, and made bom 
an extra strong mixture of cast iron. The cylinder mil be jacketed for steam 
by having a liner or inner shell, alio made of an extra strong and hard miiluro 
of metal, accurately fitted in the onler shell, and nill be accurately bored, bell- 
moutbed and &ced, and be provided with coven for cylinder proper, and for 
valve-chests, all turned and polished. Both cylinder covers will have brass, 
bushed stuffing boxes and glands, and the valve-chest covers will also be bushed 
with brass. The cylinder will also be la^ed with haii-felt and polished maho- 
gany staves, belted with polished brass bands. 

Piston.— The piston will have bloclt, jnnk-ring and double paching rings. 
carefully bored, turned, faced and acraped. and provided with a steel coil 
spring. 

Valves and Gear. — The valvea will be of the Corliss type, two for steam and 
two for eihaust. The steam valves will be worked by our patent releasing gear, 
actuated by eccentric on the craak-shaft, and controlled direct from the governor, 
so as to give an automatic and variable cut-off proportionate to the lo«d. The 
gear will have suitable dashpots for steadying the motion of the valves. The 
exhaust valves will be worked by separate eccentric and rod. 

PirroH-Ron, CoHNBcriHa-RoD, etc, — The }^ston-rod will be of mild steel, 
tnnMd and polished all over, and will be prolonged through the back of the 
cylinder for the purpose of driving the air and force pomps. The cross-head, 
connecting-rod and crank will be ot the best hammered scrap iron. The con- 
necting-rod will have the necessary straps, gibs and cotters, and will be bushed 
with the best brass. The crank-pin will be of the best mild steel, 

Crane-Shaft.— The crank-shaft will be of the best mild steel, willi journals 
of extra length and ample diameter. 

Fi-y-WBEaL, — The engine will have a spur fly-whed 15 ft. in diameter, with 
teeth 3-in. pitch by 9-in, face, and will be about 10 tons in weight. The wheel 
will be machine moulded, cast in three segments, will have the joints planed, 
and the segments carefnlly bolted with strong bolts. 

Pumps akd Concbhser, — The engine will have an air-piunp, feed-pnmp and 
condenser, all arranged vertically below the level of the engine, and at the back 
end. The air-pump will be iS-in, by 14-in. stroke, and will have a bucket with 
steel coil spring. Both pumps will be worked &om the back prolongation of the 
piston-rod. Tha pump-rods and levers will be of forged iron or mild steel, and 
will be bnshed with brass where necessary. Tlie condenser will be provided 
with the necessary cocks, and will have an ornamental stand for the injection for 
the house floor, with polished index plate and lever handle. 

Frauihq and Pbdbstai.9. — The engine framing will be of the Corliss type, 
of extra strong section, and will be planed to bed upon the foundation, planed 
for the cross-head slides, faced to connect to the cylinder, and will have the jaws 
fi3t the crank-shaft bearing slotted. The crank-shaft bearing on tlie firsuning, and 
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also a strong pedestal which nil! be provided to carry tlw enter end of the crank' 
shaft, will botti ba fitted with adjustable brasses of tbe best qnalitjr. All the 
necessary foundation bolts and cotters will be provided. 

Gbmbkal. — The eo^ne will be provided with all tbe necessary pressure and 
Tftcnnm ganges, lubricators, tallow caps, drain and indicator cocks and other 
motintings: and will be throughout of tbe best material and woriouanabip. Ail 
the parts nsoally so finished will be polished bright. 

DtUVBKV AMD Ekbctioh. — The engine will be delivered and erected by as at 
your mill, it being understood that you will piapare tbe fonudations to our 
plans, and give our men the necessary aasistance of^laboniers and scaffolding. 

(Signed) 

Such a specification will be accompanied by a brief letter 
stating price for engine "according to specification enclosed." 
It will be obvious that the specification may be amplified to any 
desired extent^ and filled up with details as to sizes of the 
various parts. All that we have desired to do is to indicate the 
general character and arrangement of such a specification. 
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CHAPTER XXI. 

STEAM BOILERS. 

We shall now deal with the preparation of estimates for steam 
boilers and the cost of making boilers. 

The manufacture of steam boilers is, of course, quite a busi- 
ness by itself, requiring special shops, tools and other appliances 
and a special class of workmen, and is lai^Iy earned on inde- 
pendently of any other. It is, however, probably most conve- 
niently and economically conducted as a branch of a general 
engineering establishment 

Space will not permit of die treatment of this section of our 
subject in great detail, and we shall therefore deal simply and 
brteily with those classes of boilers which most commonly occur 
in the business of a combined engineering and boiler-making 
establishment. 

A complete boiler, as usually sold to a buyer, may be con- 
sidered as made up of three elements, viz., first, the boiler 
Elements of prop^> witb the manhole and the seats, saddles or 

Complete blocks, as they are variously termed, for the mount- 
Boiler, ingg^ riveted thereon ; secondly, the furnace fittings ; 
thirdly, the steam and water mountings. 

As a rule, the boiler shop of a combined establishment deals 
only with the first two of these elements, leavii^ the third to 
the engineering branch. 

Where boiler making is carried on as an independent business, t 
the mountings are^ in the great majority of cases, bought by the 
boiler maker from firms who make a specialty of flieir manu-' 
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facture. The boiler maker being allowed a discount of from 15 
to 30 per cent, from the list prices of the manufacturers of the 
mountings, he earns a good commission for passing the mount- 
ings through his hands. Occasionally a boiler is sold without 
mountings, the latter being purchased by the buyer of the boiler 
direct from some of the special makers. 

Up to within a comparatively recent date, a boiler shop was a 
distinctly crude and primitive establishment, in which the mate- 
Progress ^'^^ "^^^ '" ^^^ construction of boilers was treated 
of Boiler in what cannot be considered as other than a bar- 
■aklnff. barous fashion — the drift might indeed have been 
taken as emblematic of the character of the entire establish- 
ment and method of manufacture. Of recent years, however, 
the adoption of high-pressure steam and the use of steel plates 
have compelled boiler makers to adopt more scientific, reasonable 
and exact methods of handling their material ; and a complete 
modern boiler shop, with plate edge planing and turning ma- 
chines, multiple drills, shell-drilling machines, fianging machines, 
portable riveters and other mechanical appliances, must be 
placed amongst the most exact and scientiiic constructive estab- 
lishments of our day. 

At the same time the business of boiler making is still com- 
paratively simple. We have to deal in it with comparatively 
few and simple materials, and comparatively few 
^"^"'j^ classes of workmanship, whilst the finished pro- 
ductions, although imposing, are simple, and present 
few variations of type. The preparation of estimates of the 
probable cost of boilers is, consequently, easy. 

In most lai^ establishments, where proper records of the 
boilers made are kept, it will only occasionally be necessary to 
make up an estimate in detail Suppose we have 
^^Sm^sl *° inquiry for the price of a boiler of some standard 
type, size, and pressure. The list of boilers pre- 
viously made will, very likely, contain one or more examples of 
boilers similar to the one for which a quotation is now required. 
The gross weight of the boiler and the total cost of manufacture 
will therefore be easily obtained from the cost books, and if the 
rates for material and wages are practically the same now as 
when the previous boilers were made, there is nothing further to 
do— we know the probable cost of the boiler in question, and 
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have merely to consider whether we shall quote the same price 
as in the previous examples, or make some moditicatlon. If 
the rates for materials or wages are different to what they were 
on the former occasions, we have the weight of the boiler, and 
one or two simple calculations will enable us to make the 
necessary deductions or additions, as the case may be. The 
rates per ton at which boilers of standard types, sizes, and 
pressures can be manufactured in any boiler shop, and also the 
rates per ton for which they can be sold under ordinary condi- 
tions, ought to be as familiar to those having charge of the 
commercial part of the business, as the rates of wages paid to 
the men and the rates which have to be paid for plates. 

At the same time the calculation of the weight of material 
required to make a boiler is so simple and so readily per- 
formed, that it is preferred by many to make such a calcula- 
tion in nearly all cases. The points which require particular 
attention in making such a calculation are, principally, the 
number of rings in which the shell of the boiler will be made; 
the number of plates which will be used for each ring ; the 
widths of the laps of the circular seams ; the style of the longi- 
tudinal joints, whether butt-jointed or lap-jointed, and, if the 
latter, the width of the lap. These points will determine the 
sizes of the plates to be used, which must be kept within certain 
limits, partly to suit the tools of the establishment and partly to 
avoid having to pay excessive "extras" in the prices of the 
plates. 

Other points are, whether the angle iron round the front end 
of the shell will be put on inside or outside (this obviously 
determining the size of the end plate), the angle iron at the 
back end being invariably put on inside ; whether the end plates 
will be made in single solid pieces or halves, the length of the 
furnaces, the number of rings in the flues and the character of 
the joints, whether the longitudinal joints will be butted or 
lapped, and whether the circular joints will be lapped, flanged, 
or made with expansion hoops, or partly one and partly the 
other. And, lastly, the style of the riveting in the different 
parts of the boiler, whether single, or double, or treble ; what 
pitches and what sizes of rivets will be used — a consideration 
of these points is obviously necessary to determine what weight 
of rivets will be required. 
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For example : We are required to quote for a Lancashire 
boiler, 24 (t. long and 6 ft. diameter, with furnaces and flues z ft 
4 in. in diameter. The shell of this boiler will probably be made 
in seven rings. 34 ft. divided by seven will give 3 ft. 5i in. as 
the net width of each ring without allowing for lap. As the 
boiler is only to work at 60 lb. pressure, the circular or trans- 
verse joints of the shell will merely be single-riveted, and if we 
allow 2^ in. to each ring for lap we shall have sufficient. The 
width of the plates will therefore be put down at 3 ft. 7i in. 
Each ring of the shell will probably be made of three plates. 
The drcumference of 6 ft. being 18 ft 10 in. practically, 
the net length of each plate wiU require to be 6 ft. 3^ in. ; 
but as the longitudinal seams are to be double-riveted, we 
shall have to allow about 5 in. to each plate for lap, making 
the total length say, 6 ft. 8^ in. The plates for the shell will 
therefore be set out in the estimate form, as follows — viz., 
21 shell plates 6 ft. 8^ in. x 3 ft. 7^10. x f in. steel = 3 tons, 11 
cwt. 

A table such as may be found in Molesworth*s Pocket Book, 
of the weights per superiicial foot of plates of different mate- 
rials and thicknesses, would, of course, be used in calculating the 
weight of the plates required. The sizes of the plates for other 
parts of the boiler and their weights will be found in a ^milar 
manner, as will be apparent from the few examples which will 
shortly be given. 

It has already been stated that the materials required by 

the boiler maker are comparatively few — they are principally 

plates, flat, tee and angle bars, and rivets. These 

?*^nM« ^'^' either be steel or iron in the case of ordinary 
■ stationary boilers (copper plates are also used in 
boiler construction, but only for locomotive and some special 
types of boilers). 

Both steel and iron plates are divided into different classes 
and qualities ; steel plates will be either Bessemer or Siemens 
process plates, the latter being generally considered more reli- 
able than the former, and therefore preferred, especially for parts 
exposed to the direct action of the fire or for parts which have 
to be Sanged or otherwise much worked. In iron plates we 
have at the head, the Bowling, Lowmoor, and Farnley plates 
(the well-known Yorkshire brands) which, however, are only 



nvGooglc 



MATERIALS. 2H 

used for special parts of boilers — the furnaces, for example, and 
sometimes also for the flues, especially if they have to be 
welded longitudinally and flanged transversely, and occasionally 
for Galloway tubes. 

The mild Siemens steel is now lai^ely used where Bowling 
or Lowraoor iron was formerly employed. 

Ordinary iron plates for boilers are divided into three quali- 
ties, distinguished respectively by the brands B^ BB., and BBB,, 
meaning best ; best, best ; and best, best, best, or treble best ; 
whilst in addition there are certain extra qualities, called "extra 
treble best," "special flanging," "charcoal" plates and other 
terms. These extra quaHties come between the ordinary plates 
and the Bowling and Lowmoor, and are largely used for fur- 
naces, flues, and Galloway tubes. 

It is important to bear in mind, in preparing an estimate, 
that all plate makers have certain limits of thickness, length, 
breadth, area, and weight, within which, and within which only, 
thdr ordinary rates apply. For plates exceeding these limits, 
in any particular, extra rates per cwt are charged, whilst extra 
rates are also c:hai^ed for plates which are of any other than 
rectangular shape. For example : One maker's standard rate 
for "best" boiler plates is £•; los. per ton at his works, but 
if a plate is over 15 ft. long it will be chaiged 40;. per ton 
extra, whilst if it Is also over 4 ft wid^ it will be chaiged a 
further 20s. per ton extra. The limits adopted, and the extras 
charged by different makers, vary considerably. The limit for 
weight ranges from 4 cwt. at one works to 10 cwt at another. 
The limit for length runs from 15 feet to 25 feet ; and for area 
from 36 to 60 square feet The limits for width and for thick- 
ness are fairly uniform amongst the prindpal makers, being, 
with regard to iron plates at least, usually 4 feet for width and 
from a ^ to I inch inclusive for thickness. The extras charged 
for weight are, in some cases, simply icxr. per ton for every 
cwt or part of a cwt which a plate weighs above the limit. In 
other cases the extra begins at 2ar. per ton and advances, as 
the we^ht of the plate increases, to 80s, per ton ; and so on 
with other extras. Most steel plate makers will include all 
sizes required for ordinary boiler purposes in their general rates, 
except round plates for ends. 

In the following tables we summarise the principal classes of 
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boiler material, indicating the purposes for which they are used, 
and give the cost prices and the rates which may 
MWartioL ^^ charged when supplied in small quantities 
for repairs. 



SUMMARY OF MATERIAL USED IN BOILER MAKING. 
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To the cost prices given in above list must be added carriage 
or freight, which will, of course, vary according to the distance 
of the boiler-works from the iron-works, from a few shillings to 
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a couple of pounds per ton. It should also be added that for 
certain special brands of iron plates which are sometimes 
specified — " Snedshill," " R. H.," " Bloomfield," and others — ■ 
higher rates of from one to three or four shillings per cwt are 
required. It is customary, however, to submit specifications of 
all the plates required for a boiler or boilers to the iron makers 
or their agents, and to get exact quotations for them before 
giving the order ; and it is worth while to do so, before giving 
in quotations for boilers, when there is time. 

Prices for plates, of course, fluctuate — at times rapidly and 
considerably — and it is always an advantage, when much esti- 
mating for boilers has to be done, to have at hand some recent 
issue of a journal like Ryland^s Iron Trade Circular, for 
example. 

In many boiler shops certain parts — Galloway tubes, flanged 
flues ready for drilling or riveting, wrought-iron manholes, etc. — 
are bought ready-made from other establishments having 
special appliances for their productioa 

The following table shows the rates of wages paid in the 

Workman- ^°P where, and during the time when, the boilers 

Bhlp on given in the succeeding examples were made or 

Boilers, tendered for, also the usual rates charged for the 
different classes of workmen inside and outside the shop, when 
engaged on repairs or on work for which no tender had been 
given : — 

TABLE OF RATES FOR WORKMANSHIP, 
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Apprentices in their last two years were usually rated as 
journeymen, and younger apprentices at the same rates as 
labourers. Of course, in addition to the rates for the men when 
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working outside, the allowances paid to them for diet were also 
charged to the customer, as in the engineering department ; 
whilst in the case of men working inside the shop, in addition 
to the rates as given for workmanship, the use of the boiler- 
makers' machine tools was also charged — punching and shearing 
machines being usually chained at 2J. per hour, a plain vertical 
drilHng machine at u. or is. yi, per hour, small rolls at IJ'. and 
large rolls at 2s. per hour, and a hydraulic riveter at from y, to 
5^. per hour. When work involving the use of a steam hammer 
was done, the hammer was chained at from 3s. to 4r. per hour, 
including the attendant 

The particulars as to the use of fte machine tools were ob- 
tained by the time clerk from the men when collecting his 
returns of time spent on the different jobs in hand during each 
day. It is hardly necessary to say that, as a rule, the par- 
ticulars as to the use of the machine tools were merdy approxi- 
mations ; when any charge for tools was made, it was for at 
least half an hour. 

The indirect working expenses of a boiler shop ought to be 

cpmparatively light. There should be very little general labour 

charged to tiie shop ; whilst the jobs in hand are usually so 

straightforward and obvious, so little liable to 

^MDseL ^"*"'* mixed, ftat no difficulty should be found 
in chaining everything used— candles, oil for tamp^ 
paint, etc., down to the smallest detail to its own proper 
number. Coal for the plate-heating furnaces, being usually of a 
special quality, may all be charged to the furnaces and covered 
by a special rate per hour. 

The principal items of indirect expense, which will have to be 
covered by some percentage, will therefore be — rent, rates and 
taxes, maintenance of buildings and plant, renewal of utensils 
or loose tools, management and office expenses, firemen's wages, 
steam power, coal for smiths' and other fires (excluding the 
furnaces), and some small amount of general labour. 

As in most other departments of an engineering business, it 
is most convenient to apportion all the indirect working ex- 
penses to the direct wages — that is, to the wages spent on work 
for sale. The percentage will, of course, vary in different 
places ; in the examples we give it is put down at 40 per cent., 
this being the rate for all work done inside the shop. The rate 
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reckoned for work done outside was 25 per cent. The per- 
centage was determined with reference to the entire labour of 
the boiler shop — that is, no divisions into classes were con- 
sidered necessary. The total average weekly wages of the 
boiler, shop where this rate prevailed was ^^aStx Very little 
piecework was done — the making of Galloway tubes and some 
occasional things beir^ all that was done by piece. 

Donkey We shall now give one or two examples of 

BolleFS. estimates and costs : — • 

ExAHFLE No. 154. — Estimated cost of i vertical croaa tube boiler (donliey 
tniler) ijft. bigh, 5 ft. diameter, with fumtice 7{l. bi^tt and 4 ft. diameter at 
top, with 4 cross )ut>es, uptake 12 in. diameter. Verlical seams of stiell to be 
double riveted. Working pressure 70 lb. Hydratilic test 1401b. 
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The above was an estimate for a donkey boiler of somewhat 
special size and character, and will sufficiently illustrate the 
method of preparing an estimate for boilers of this type. It 
will be seen that whilst the net cost of the boiler proper is made 
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up, the mountings are simply put down at profit rates. The 
boiler-making department bought the mountings — ^the valves 
and cocks — from the engineering department, and the steam 
and water gauges from outside — and bad a discount of about 
20 per cent all over from the prices put down, for its profit on 
the mountings. 

Donkey boilers of standard sizes are now largely made as 
stock jobs and by piece work by certain houses, and whilst 
some of the special makers keep up their prices, others quote 
very low rates. In addition, numerous special types of donkey 
boilers have been introduced of late years, the specialty usually- 
lying in the form or arrangement of the tubes. Consequently 
comparatively few donkey boilers are now made in general 
boiler shops, and, unless made to special specification, they are 
not, in such shops, particularly profitable as a rule. 

Occasionally, very large vertical cross-tube boilers are re- 
quired for situations where a horizontal boiler is inadmissable, 
or where it is inconvenient to provide a proper brick setting 
and a chimney. Such boilers being, of course departures from 
the ordinary sizes of donkey-boilers, fall naturally into a general 
boiler shop. 

The principal business, however, of a modem general boiler 
Cornish and ^°P ^'^^ ^^ ^^ manufacture of Cornish, and still 

Lancashire more of Lancashire boilers. The Cornish boiler. 
Boilers- with its single flue, lies intermediate between the 
donkey-boiler and the Lancashire type as to the duty for which 
it is usually intended. The Cornish boiler is supplied for 
moderate duties, and is consequently lai^ely used in connection 
with the smaller classes of manufacturing industries. It is 
rarely made of a diameter exceeding 6' o". For any work 
requiring a boiler above 5' 6" diameter, or representing more 
than so or 60 horse-power, a Lancashire boiler will now usually 
be supplied. For modem factory use either the Lancashire or 
" Galloway " boiler (which latter is a boiler with two furnaces 
opening into one laige oval combustion chamber containing a 
laige number of " Galloway" tubes) is generally adopted. 

ExAUPLB No. 155.— Estimated cost of ooe Coruisb boilsr, iSft. G in. by sft 
diameter, with furnace and flue, z ft. g in. diameter, having one steel expansion 
hoop and three Galloway tubes. Working pressure, So lb. Test. 140 lb. Longi- 
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settms, fine, lap-jointed. Angle irons at enda, nelded into solid boops, a: 
one put on outside ihell. Edges of all plates planed. All rivet holes 
after plates are rolled and in position : — 
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ExAHTUi No. 156, — Estimated cost of one Lancashire boiler, 30 ft. long by 
7 ft. 6 iiL diameter, nith fnrnaces and fines 3 ft. in diameter, last plate in each 
fine tapered to z ft. 7 in. in diameter, five Gallowa; tabes to each flue ; longi- 
tudinal seams of shell, bntt-jointed and doable>riveted on each rids joint, with 
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covering strips inaidD and out j ciicnlsr seams double-rivetad ; longjtndlnal 
seams of fornaces and flues, bull-jotnted and single riveted, wiUt strips insida 
and oal ; circnlar seams of fuioaces and flues, ail formed by steel caponsion 
boops ; end platea, each in one i»ece and turned on edges and for foinaicea and 
flues ; angle Iron for front, put on oulsida and also turned on edge to correspond 
witb edge of plate. Edges of all pUtes planed ; all rivst-holes drilled with 
-'-'— 'n position. Worl^g pressure, loo lb. j hydraulic teat, 130 lb. :— 
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The two examples just given, being in complete detail, suffi- 
ciently explain themselves. It will be noted that a small 
special sum is placed in the expenses column opposite the 
plate edge planer and the shell drilling machine. These 
machines not being used for every boiler made, it was con- 
sidered necessary to fix a small additional rate for them to 
cover such expenses — drills, tool steel, &c — as were special 
to them, although the wages of the men who worked them 
were included with the boiler makers. 

Example No. 156 may be taken as fairly representative of a 
high-class Lancashire boiler, both as regards the boiler proper 
and its equipment Some makers would prefer to make a 
boiler of l^is type and for so high a pressure with the longi- 
tudinal joints in the furnaces and flues welded and the circular 
joints flanged and with the Galloway tubes welded in, in which 
case some of the higher brands of iron would probably be used 
in preference to steel. The cost of a pair of furnaces and flues 
so made would be between £100 and £120, and would bring 
the total cost of the boiler below that of the example, as the 
steel expansion hoops, when used throughout, add very consider- 
ably to the cost of the boiler, though they undoubtedly make a 
Ane job. 

As already intimated, estimates for boilers are frequently 
made up in a much more summary fashion, as, for instance : — 

ExumJi No. 157.— EBtimated cost ot one Lancashire boiler 33 ft. long by 7 
6. 6iiL divneter, with foniaces and flues 3 ft. diameter, 12 GaUows^ tabes, 3 
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For many situations where considerable Iieating surface is 

required, but where space or other considerations preclude the 

adoption of an ordinary Lancashire boiler, and 

Boiler. particularly for shipment abroad, multitubular 

boilers possess many advantages. The following 

is an example of an estimate for a useful type of multitubular 

boiler : — 

EXAiii>LR No. 15S. — Estimatad coit of one mnltitubiiUr b^er, iGft, lOQK by 

6 ft. diameter, with two fomacei, 7 ft. long by 1 ft. 4 in. diameter ; one comtnu- 
tion cbamber, i ft. g in. loi^. 5 ft. 3 in. wide, and 3 ft. high : and 55 iron tnbea, 

7 ft. 3 in. long by 3} in. ontaide diameter, inclndin^ 7 stay tubes ; end plates 
Binele, front stayed with t gnsset pUtes, and back with 9. Rivet boles of shell 
drilled after plates are rolled. Edges of plates planed ; working presanre, 60 lb. ; 
bydraalic lest, 100 lbs. ; longitudinal seams, sbeit donble riveted :— 
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As in the case of lai^e steam engines, tenders for new boilers 
are usually accompanied by specifications setting out in more 
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or less detail the dimensions of the boilers, thickness of plates, 

style of riveting, and any features of construction 

«._??fl?"i?"_ or mounting supposed to have special merits 
Speclfleatlons. , ^ " '^\, ^ , , ■, , , 

or advantages. Most large boilermakers have 

printed specifications of the standard type or types of boilers 

which they make, the printed form having certain blank spaces 

left in it, where the dimensions of the various parts of a boiler 

may be filled in by hand, according to the requirements of any 

particular case. The following is a sufficiently detailed form for 

ordinary Lancashire boilers, viz. ; — 

Copy of Boiler Specification. 

Victoria Boiler Works, BUnlrtown, 
Nov. , iSSS. 
Spbcification op New Stbak Boiler fob M 



The boiler will be of the LaDcashira typ^ conitnicteil in accordance with the 
best modem practice, principally by the aid of patent machine tools speciaUy 
designed for the various processes, so as to secure the greatest possible accuracy 
and soundness throughout. 

Shsll, — The shell will be ft. long by diameter, and will be 

made in rings plates to each ring, of plates of an 

inch in thickness. The tongitudinal seams will be jointed and 

riveted, and crossed so as to avoid a continuous line of rivets. The circular 
IS will be riveted. The edges of the plates will be planed, and the 



rivet holes will be drilled after the plates have been rolled and put in position. 
Each end will be provided with a solid welded rine of angle iroc — ''' 
the end plates, the ring at the front end being £xed externally. 



Fdrhacbsakd Floks.— The tumacea will bo ft in. in diameter 

and ft in. loag, made in rings, each ring of a siogla plate 

of and of an inch thick. The longitudinal seams will be 

jointed and riveted and placed below the fire-bed. The circular seams 

will be 

The flues vnll be ft in. in diameter, in "£^' ^'•^^ '^"^ ^^ 

a single [ilate, all of and of an inch in thickness. The loogitudmal 

seams will be jointed and riveted. The circular seams will be 

Each flue will have conical water circulating tubes arranged in 

the usual altamatelj vertical and diagonal manner. The last ring in eaoa flue 

will be tapered to fL u. in diameter to facilitato cleaning and 

inspection. 

Ends, — Each end will be made of a rolled plate of and of an 

inch in thickness, with the edges turned up in lathe and the holes for the flues 
cut out by machine and accurately finislied. Each end will be sufficiently 
stayed to the shell by means of strong gusset plates with double angle irons. 

Manhole, Muoholb and Bramcsbs. — The boiler will be provided with a 

iron manhole ftame riveted on top of shell,. and a iron 

mndhole frame on the front end plate below the furnaces, both with strong £u:ed 
covers with the necessary bolts and nuts and crossbars. 

branches of will be riveted to the shell to rscaiveihe mount- 
ings. All the flat flanges of the frames and branches will be turned or planed. 

The bailer will have the following fittings and mountbgs, viz. :— 

FuKHACS FimMQS.— Two WTOught-iron foraace fronts with cast-iron doors 
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havii^ air-regnlating slidet, braaa b«&diags, cast-iron dead plates, \vroaght-iroa 
brackets, cast-iron beaiera and set of fire bars complete. 

Stbam VAi.VK.-^ne inch steam janction or atop valve with bnn 

spindle, gland, valve lid and seat. 

Safbtv V41.VS. — One HopkinsoD bigh-tteun and low-walei safety valve 
complete^ 

(And so OD with the other inonatiag&) 

Pbbssure. — Tbe boiler will be suitable for a daily working pressure of 

lb. per sq. in., and will be proved bj bvdranlic pressnra to lb. per 

sq. in. beiore leaving our works, and in Uie presence of yonr engineer or 
inspector. 

DzLrv£RY, Ac — The boiler, moantings, Ac,, will be delivered by de free at 

the boiler put upon its seat, and the mountings attached, for the sum 

Of^ 

(Signed) 

It is probably better to give the price and terms in a separate 
letter. 
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CHAPTER XXII. 

COSTS' BOOK-KEEPING. 

We shall now conclude by dealing, as fully as space will permit, 
with the keeping of costs. The subject has already beeo briefly 
introduced in chapter V, and it would be well if the student 
would re-read that chapter before going further. Great interest 
has of recent years been taken by those connected with the 
commercial work of engineering (and indeed numerous- other 
manufacturing) establishments in the question of the best and 
most convenient methods of keeping costs accounts. 

The days are past when a manufacturing engineer of any 
considerable position was content to form an idea how his 
business was going on by an occasional examination of his bank 
book and of his stocks, even with a complete stocktaking and 
the preparation of a balance-sheet once a year. The necessity 
of being able to ascertain the cost of every individual job done 
throughout the year, promptly upon its completion, and even of 
being able to follow the pr<^ress of lai^e and important jobs in 
systematic costs books, week by week, is now generally recog- 
nised. 

In mo3t large engineering establishments arrangements more 
or less complete and reliable are now made with the view of 
securing these ends. 

In seeking to attain these objects, the manufacturer has two 
important considerations in inew. In the first place, he wishes 
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to localise his profits or his losses —he wishes to know what 
jobs have paid him, and on which, if any, he 

AMOun^ ^^^ sustained a loss ; and in the second place, 
he desires a safe guide by which to check his 
future estimates and determine his future tenders. 

It will be obvious that whilst a business may upon the whole 
be profitable, some portions may be the very reverse ; but unless 
a detailed system of costs be in use it will be impossible to know 
this, and the manufacturer may go on year after year beeping 
up an unprofitable department, or class of work, at the expense 
of other departments or classes. 

Again, a business may upon the whole result in a loss, but 
this may be entirely due to excessive losses in certain depart- 
ments or on certain classes of work. If, however, detailed costs 
are kept, the manufacturer can detect the weak place in a 
moment, and may therefore concentrate his attention upon it 
with a view of strengthening it; or, if this be found impossible, 
lie knows exactly what department or class of work he must 
abandon. 

Theordinarysystemsofbook-keeping, whilst perfectly adapted 
for keeping the accounts of a manufacturer with the people from 
whom he buys and those to whom he sells, for exhibiting the 
conditions of a business as a whole at stated intervals, and for 
other general commercial purposes, are not adapted to the 
particular purpose of ascertaining and recording the costs of the 
individual jobs that make up the business of a general et^ineering 
establishment Hence a special set of books must 
^^eMsiryf" ^® devised, and, in large establishments a separate 
office should be appropriated to, and a spe<ual 
staff appointed, under the immediate supervision of the chief 
commercial manner, for the business of keeping the costs books. 

We shall here confine ourselves to the costs books proper, and 
shall only touch upon such counting-house books as admit of 
being used in connection with the keeping of the costs. Neither 
shall we attempt to discuss more than incidentally the relative 
merits of different systems, but shall content ourselves with 
setting out and illustrating one system : practicable, accurate, 
and sufficiently complete and detailed for all ordinary purposes. 

It would be easy to multiply books and forms for the keeping 
of costs to almost any extent ; it is desirable to attain the object 
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in view with the fewest possible books and the minimum of 
labour. 

It Is necessary to have the object to be attained clearly in. 
view. That object is to keep a correct account of the cost of 
every job undertaken by the establishment, and to keep the 
account as closely as may be feasible concurrently with the 
progress of the work itself. It ought to be possible for a principal 
to call for particulars of the cost of any job in hand up to 
date, and to have a reliable statement put before him in the 
course of an hour, or two at the most This will be rarely required, 
but should be always possible. For all ordinary purposes, it will 
be sufficient if the accounts of the costs of all work in hand are 
completed up to the end of one week or fortnight (according as 
wages are paid weekly or fortnightly), before the end of the next 
week or fortnight Any less degree of readiness and completeness- 
ought not to be considered satisfactory. 

As was previously pointed out, the cost of any piece of 
machinety may be best considered as made up of three elements 
— viz., the cost of material used for the construction of the article ; 
the cost of labour directly expended upon it ; and a sum, most 
conveniently determined by a percentage upon the direct wages, 
to cover all the indirect expenses of the establishment. 

In the writer's opinion, the percentage added for indirect 
expenses should cover every item of expenditure which cannot 
be charged direct, but which is necessary, in the case of any 
establishment, to the production of the article in question. This 
percentage should, therefore, cover management and office 
expenses, depreciation or maintenance, and interest on capital, 
as well as rent, foremen's wages, and other items of indirect but 
necessary expenditure. It is sometimes contended that man- 
agement and office expenses and interest on capital should not 
be treated as elements of the cost of production. They enter, 
however, as elements into the cost of production, to a greater or 
less extent in nearly every establishment, and it is difficult to 
see what advantage is to be gained by treating them separately. 

Before the price of an article can be hxed, something must be 
added to the other elements of cost on account of interest, office 
and management expenses, and it is, therefore, surely better, 
and certainly more convenient, to let these items be covered by 
a general perceotage which has been determined with reference 
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to the average volume and value of the business of an establish- 
ment, rather than to allow them to be covered by a separate rate 
determined hy the whim or fancy of a principal at any particular 
moment. In some instances, as for example in the case of a 
firm making a specialty, advertising largely, and employing 
many travellers or agents, a useful purpose will be served by 
making a distinction between the cost of production and the 
cost of distribution ; but it will rarely be necessary to make such 
a distinction in the case of a general engineering establishment. 
We have already explained generally in a previous chapter 
the methods to be observed in ascertaining the indirect ex- 
penses of an establishment, and in apportioning these expenses 
properly over the different departments. The nature of these 
indirect expenses has also been fully dealt with. It is only 
necessary here to add two remarks : First, that in the scheme 
of cost-keeping about to be described, accounts are opened in 
the various costs books in the names of each department, or 
section of a department, and also in the name of the general 
indirect expenses of the establishment, and these accounts are 
kept exactly as the account for any order that may be in hand. 
That is to say, an account will be opened in the materials costs 
books and the wages costs books in the name of " Pattern-shop 
Indirect Expenses," and when the pattern-shop obtains a suj^ly 
of nails or of glue for general use from the store, these items 
will be charged to the account in the former of the books 
named in the same way as a cylinder or any other item of 
material would be charged to the account under which it had 
been made ; and so on with all the other department^ no 
matter how many there are. By thus observing the same 
routine and using the same books for the indirect expenses 
accounts as for any contract that may be in hand, the work of 
keeping these accounts is much simpliBed and labour is saved. 
Secondly, we remark here that an elementary rule, the strict 
observance of which is indispensable to the satisfactory working 
of any scheme of cost-keeping, is that every item of expen- 
diture, must be charged to some account in the costs books. All 
expenditure for material intended for consumption or conver- 
sion in the works, or required for the maintenance of the 
buildings and fixed and loose plant in a proper state of repair; 
all expenditure for labour and management, for rent, ra^, 

Google 



ORDER BOOK. 22/ 

taxes, insurance, interest ; all expenditure, in short, incurred 
for the working of the establishment, should be fully accounted 
for by the costs department in conjunction with the stores. 

It will be better if even expenditure on capital account is 
also passed through the costs books. Suppose it is intended to 
enlarge a building or put down a new machine tool, an order 
cught to be entered in the order book for this extension or 
addition in the name of " New Buildings " or " New Fixed 
Plant " or " Capital Account " generally, and all expenditure in 
connection therewith should be dealt with in the costs books, 
just as in the case of an ordinary contract. 

It may be added that both the costs department and the 
general management must carefully see that items of wages 
and of miscellaneous expenditure are not heedlessly charged to 
the working expenses accounts. " When in doubt charge to 
the shop " would appear to be a rule which both workmen and 
clerks are extremely liable to follow, either consciously or un- 
consciously. It will help to hold this tendency to " charge to 
the shop" in check if it is made a rule that nothing is to be 
made for the shops, either to replace a worn-out utensil or to 
repair a machine tool, without an order being entered in the 
order book. 

The first essential element of a sound scheme of cost-keeping 
is an accurate and systematic method of recording orders, and dis- 
tributing these orders, together with speciiications sufficiently 
complete and detailed, amongst the various depart- 
ments which will be concerned in their execution. 

In some establishments a number of order books are employed 
^-one for the general offices, one for the drawing offices, and one 
for each of the principal departments. This method, however, 
involves a lai^e amount of labour, and is inconvenient, inasmuch 
as the foremen must be without their order books during 
certain parts of the day, whilst the books are being written up 
in the general offices. This plan would, indeed, appear to com- 
bine the maximum of labour with the minimum of advantage ; 
and is quite indefensible now that so many efficient methods of 
multiplying copies of writing are available. 

A far more convenient and perfectly satisfactory method of 
dealing with orders is the following: — A general order book 
is provided and kept in the general offices. In this book «vei/ 
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Illustrative Form Na i.— Order Book. 

Lbpt-band Page. 



Jan. 6 67 Thomas Robinson 2nd Sons, Victoria 

Saw Mills, Elanktown. 

One horizontal high pressure non-con- 
densing steam engine, with cylinder 
9 X 18, to work at loo revolutions 
per minute, and to indicate 15 h.p., 
with boiler pressure of 80 lbs. ; 
metallic piston, steel rod, crank shaft 
and pin, hammered scrap-iron con- 
necting rod, plain slide valve, quick 
speed governor, equilibrium throttle 
valve, plain fly-wheel turned up on 
rim, feed pump, stop valve, and 
other mountings, cast-iron bedplatCt 
foundation bolts, &c., complete, de- 
livered and erected as per specifica- 
tion. 



Jan. 6 



James Smith, Castle Street Mills. 

One cast-iron elbow pipe to sketch ; 
face flanges and drill bolt holes. 



order is entered as received, its consecutive number put opposite, 
together with any necessary references as to the estimate book, 
tender book, or letter book. All that is necessary in this book 
is for the entries to be sufficiently descriptive of the work re- 
quired to be done. The arrangement of the book is shown 
above; — 
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Illustrative Form No. i.— Order Book. 

Right-hand Fagb, 



Estimate 
Book 
Folio. 


Specifica- 
tion 

or Tender 
Book 
Folio. 


Date when delivered, and space for 
anj remarks or notes it may be 
desirable to record during pro- 
gress of work, or for instmctioDS 
as to delivery of goods. 


FoUoin 
Sales or Day 
Book or No. 
of Delivery 

Docket. 




8 
99 


Forward per G. N. R. to 
Blanktown Station; Ro- 
binsons will cart to mill. 
See letter Jan. 24th. 
Delivered Feb. 188— 
Completed Feb. 32, 188— 


Docket 
Nos. 
672 
694 






Verbal order by Mr 

to J. T. (pattern shop 
foreman). 


Day 
Book. 
301 



The book is of post size, giving a page of fully 15 in. in 
length, by 9 J in. width. Omitting the name of the customer, but 
leaving space for it, and putting in the order number, an exact 
copy of the entry in the order book is then written out in 
multiple copyii^ ink on a " Shop Order Form," A separate 
form is taken for each entry. 
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The form is a single sheet or page, nearly i6 in. by lo in. 
ruled as follows : — 

Illustrative Form No. z. 



O.W 67 



Order No 
Issued to 

Order con 


fiT 












Drawing 
Namb«n. 


of Parts here. 


This Buce is utilised 
for Remarks or 

Notes of Weights. 
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The form is copied in a copying book as a record merely, and 
afterwards sent into the drawing or works' manager's office. 
Before being sent in, however, the name of the customer is 
_. _. written on in pencil, merely for the information 
of the chief draughtsman, or works' manager. It 
should be made a fixed rule for all formal orders to be sent into 
the shops through the drawing office. 

If the order is simply a casual one for some standard article or 
simple repair, and on the face of it enumerates all the parts tliat 
will be required, it is at once copied in a copying book, called 
the " Shop Orders Copy Book— D. O." (Drawing Office). Then 
from the back or inked side of the leaf in the copy book, as 
many more copies will be taken, each on a separate sheet of 
stout paper, as there are departments through which the work 
will have to pass. For example, if the order be for " One cast- 
iron pulley, 30 in. by 9 in. face turned convex, bored 3 in. 
diameter (gauge herewith), and with one key bed cut," four copies 
will be taken, one each for the pattern-shop foreman, the foreman 
moulder, the turning-shop foreman, and the storekeeper. A 
boy, of course, takes the copies with the aid of a strong press. 

If the entry does not enumerate the parts required, the chief 
draughtsman sees that a complete enumeration of every part is 
written out on the same sheet or on continuations, with any 
special instructions and all necessary references to the numbers 
of the working drawings. This enumeration of the parts may 
appear a formidable task, but seeing that it has to be done by 
someone in some way, it is decidedly the best to have it done 
in the proper office at the outset. Much loss of time at subse- 
quent stages is thus avoided. Of course, it not infrequently 
happens that a job must be started before all the drawings are 
completed, and before all the parts can be enumerated. Supple- 
mentary order forms have then to be issued. 

In cases where a detailed estimate has been prepared in the 
drawii^ office, this is got back from the estimate clerk, the prices 
being first torn off at the side, and is utilised as the basis of the 
shop order sheets. Each sheet, before being sent to the fore- 
men, has the number of the order (which is already written on 
it) stamped at the head in bold figures by indianibber stamps. 
Each foreman has a strong guard book in which to keep his 
sheets. The sheets are allowed to project at the top sufficiently 
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to enable the stamped number to be read, so that the book can 
be opened at any order number with perfect convenience As 
soon as each foreman has finished his part of the work on any 
order, he initials the sheet and returns it to the drawing office ; 
and as soon as the order is entirely completed, the original 
sheet received from the general office, with every original addi- 
tion made in the drawing office, if any, is sent to the forwarding 
clerk. 

Where much jobbing is done it will frequently happen that 
work on an order is commenced before the order is entered at 
all- It is difficult to prevent this entirely. Engineers of mills 
and others will come and give their orders verbally to foremen 
or managers, and the work, if urgent, must be promptly started. 
For such cases the foremen have " Verbal Order Forms," upon 
one of which they must enter the particulars of the order, with 
the name of the customer and of the person giving the order, 
and send it in to the general office to be entered, numbered, and 
passed through the usual course as soon as they conveniently 
can. 

The objects sought to be attained by a complete and sys- 
tematic method of distributing orders through the shops, such 
as the one just described, are principally two— viz^ first, to 
ensure that nothing shall be made except under a distinct 
-order ; and, secondly, to assist in securing accurate returns of 
material and workmanship from the shops. 

We have now to consider how these returns may be best 

obtained. First, as to material It must be premised that all 

work is supposed to be done under an order number, and that 

anything made or done is to be charged against 

BemMia. '*^ number ; except in the case of work done for 

the shop, in which case it will be done under an 

order in the name of the shop account, and must be chained 

against that name. It is sometimes preferred to appropriate 

certain numbers to the different shop accounts, and have work 

done for the shops returned against those numbers. There can 

be no particular object or advantage in adopting this plan, 

whilst the use of names for the shop accounts necessitates much 

less explanation in the case of new hands, and is less liable to 

cause confusion or error than numbers. 

It will very often happen that other work will be returned 
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against names — against the names of customers, instead of 
against order numbers, especially where much jobbing is done. 
This cannot be entirely avoided, and is another of those irregu- 
larities which must be tolerated, and with regard to which 
dependence must be placed upon the scrutiny and supervision 
of the costs office. 

We have three general cases of material to deal with — first, 
material bought specially from outside for particular jobs ; 
secondly, material, such as castings and forgings, manufactured 

Material— i" the works ; and thirdly, sundries from the 
Three Cases, stores. Material or work is only ordered from 

First Case, outside upon a formal requisition being sent in to 
the general offices. The requisition is prepared and signed by 
one of the foremen, or by the storekeeper, or by some draughts- 
man in charge, and is always passed through the drawing office 
{or works' manager's office, which generally means the same 
thing), and countersigned by the chief draughtsman or manager. 
The requisition states the order number or name of account or 
department for which the material is required, and this number 
is entered on the order form in the " Outwards Order Book." 
Upon the priced invoice being received, it is at once compared 
generally by the outwards orders clerk with the order, and 
stamped with a bold rubber stamp as follows : — 

Illustrative Form No. 3. 
required for 

OUTWARDS O.B., folio 

PRICE 

WEIGHT OR QUANTITY 

STORES JOURNAL, folio 

COSTS BOOK, folio 

INVOICE BOOK, folio 

In the first line is entered the number of the shop order, or 
the name of the account on behalf of which the goods were 
ordered. The first three lines and the last are filled up in the 
general offices. The invoice is then sent to the storekeeper, 
who certifies the receipt of the goods, and the correctness of the 
weight, by putting his initials in the fourth line ; and if the 
goods were ordered for the stores, he enters the invoice in the 
" Stores Journal," and puts the folio or page in the fifth line. 
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The invoice then passes into the costs office, where, if the goods 
were ordered for stores, it is simply initialled in the sixth line 
to show that it has properly passed through the office. But if 
the material or work was ordered for some particular job or 
shop account, which will be apparent at a glance at the first 
line, there will be no folio, but simply the storekeeper's initials 
in the fifth line. The costs clerk will therefore enter the 
material in his "Costs Book — Materials," against the proper 
order number, and put the folio in the sixth line. It will thus 
be seen that everything received must pass through the stores 
and costs office, and be accounted for by the one or the other, 
or by both. 

It may be here remarked that a good store and competent 
storekeeper are absolutely essential to the correct keeping of 
costs. It is impossible to obtain accurate and reliable 
returns of material used for difiTerent jobs unless 
* the distribution of that material is carefully 
supervised and recorded. It will also be equally impossible to 
make up correct accounts of the departmental expenses. There- 
fore a well-organised store, under intelligent and, of course, 
reliable direction and control, should be one of the first objects 
of the proprietor or manager who desires to put his cost-keeping 
on a proper basis. 

Referring now to material manufactured in the establish- 
ment — iron castings, for example. We have already explained 
how the foreman moulder gets his authority to make castings. 
In addition to the formal order sheet sent in to 
the foundry, the patterns when sent there from 
the pattern shop have, as a rule, a ticket gummed on, stating 
the number of the order, and the number of castings required. 
After the castings arc fettled or dressed, they are sent to the 
stores weighing machine, where the storekeeper, or an assistant, 
receives them, weighs them, and enters them, with the number 
of the order for which they are required (which has usually 
been chalked on the castings by the foreman moulder or under 
his direction), upon an " Iron Foundry Returns" sheet If the 
castings require workmanship to be put upon them, they are 
sent, accompanied by a simple docket, stating number, weight, 
and order number, into the turning or fitting shop. If they are 
to be delivered as castings to the customer, the storekeeper 
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retains them, pending the receipt of a forwarding order from the 
proper quarter. The return sheets are of post size and ruled, 
as follows : — 

Illustrative Form No. 4. 
iron foundry returns. 

Dalo Sheet No Total Sheets 



The columns at the right-hand side which are left blank 
above are utilised for special notes or remarks, and occasionally 
in the costs oilice, for noting against particular castings the 
time spent in moulding them, the rate of the moulder's wages, 
and the total cost in wages. For example, if a casting has been 
made in loam, the word " loam " will be written boldly across 
these columns. The particulars of the time spent in moulding 
are frequently required by the manager or head clerk, who 
prices the castings in the sales book ; and whilst the total cost 
of moulding in wages is always to be found under each order 
number in the " Costs Book — Summaries," and in the " Costs 
Book — Wages," it is frequently desirable in the case of jobbing 
orders to have the particulars in greater detail. In such 
instances, the columns on the sheets can be very conveniently 
used for noting the necessary details. 

As soon as the sheets for the day are completed, they are 
copied in a press copy book in the stores office as a formal 
record that they were completed, and sent into the general 
offices, and finally into the costs office^ where from them the 
particulars are posted by the costs clerk into the proper book 

n,g.t,7cd ay Google 



236 COSTS' BOOK-KEEPING. 

under each order number or account. Returns from the brass 
foundry and smithy are obtained in the same manner. 

It is desirable to have one man, under the supervision of the 
storekeeper, specially appointed to attend to the work which 
has just been described in connection with the shop returns 
sheets. In a moderately large establishment he may also attend 
to the giving-out of the raw material required by the foundries 
and smithy. In very large works, a subdivision of these duties 
will, of course, be necessary. 

In addition to goods ordered specially for particular jobs, and 
which are entered in the " Costs Book " direct from the invoices ; 
and material manufactured in the works, we have to deal with 
sundries supplied by the stores. Goods can only 
'"^StOp"*'~ ^^ obtained from the stores under the authority of 
a foreman, or of an authorised leading hand, 
which authority is usually conveyed to the storekeeper in the 
shape of a simple docket or requisition form, on which is briefly 
stated what is wanted, and the order for which it is required. 
The docket is initialled by the foreman or leading hand, and is 
retained by the storekeeper after the goods have been given out. 
At intervals, and after a sufhcient length of time has elapsed to 
make it unlikely that any question will arise respecting the 
goods supplied under the authority of the dockets, the accu- 
mulated papers are destroyed. 

As goods are handed out of the stores, they are entered in a 
"Stores Waste Book," which hes conveniently near to the 
delivery window or counter. This " Waste Book " merely records 
the number, weight and description of the articles, with the 
order number. Two "Waste Books" are in use (for alternate 
days), so that one may always lie at the delivery desk, whilst 
the other is in the stores office. From the " Waste Books " 
the storekeeper compiles a "Stores Supplied" sheet for every 
order number or account. The compilation of these sheets is 
simply a "posting" operation. In some establishments, instead 
of posting at once on to sheets, the entries are made in a book, 
under the different order numbers or accounts, and copies of 
the accounts as they appear in this book are made from time to 
time for the general or costs offices. It serves every useful 
purpose, however, to compile the "sheets" we are now describing, 
and to press-copy these sheets in a copybook, which latter, of 
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course, will be properly indexed for convenience of reference. 
The "stores supplied" sheets are similar to those already 
described in connection with the orders and the foundry returns, 
but are differently tinted, and are ruled as follows : — 
Illustrative Form No. 5. 
stores supplied. 

Oriler No 



The storekeeper is required to send in his sheets for all orders 
completed and all work in progress, weekly, to the general 
ofHces. He is also not infrequently called upon during the 
course of the week for immediate returns of orders completed, 
and for which priced invoices are required at once. 

The sheets from the stores are, like all the other returns 
sheets, first copied out by hand into books which are kept in 
the general office. The principal use of these books is to enable 
the forwarding clerk to check and fill in the particulars of 
weights and other details into his delivery dockets or advice 
notes, from the originals of which the entries are made in the 
Day or Sales Book, In small establishments this copying of 
the sheets may be dispensed with, and the forwarding clerk may 
use the " Costs Book — Material " for filling up his delivery 
dockets. The sheets finally pass into the costs offices, where 
the particulars contained on them are entered into the " Costs 
Book — Material." 

This book is a rather wide and not very deep 
**»*» ^?*?~ book — each page measuring about 16 in. in width 
and 12 in. in depth. It is ruled as follows : — 
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Two of these books are in constant use, one for jobbing^ 
orders and one for contracts. In the latter, orders are entered 
consecutively, as they come up in the returns, as much space 
being' allotted to each as the costs clerk judges, from the nature 
of the order, will be required. In the jobbing book space is 
allotted to each regular customer, and all orders received from 
that customer are entered in the space reserved, each being kept 
separate, and entered as they come up in the returns. Jobs 
from casual customers are entered towards the end of the book. 
The two books are distinguished by having the letters J. and C, 
respectively, boldly stamped on the backs. 

In addition to these, the principal Materials' Books, two sub- 
sidiary books, are also used, one for " Special Castings " (loam 
Special Cast- '''" 'J'TS^nd) and one for " Special Forgings." The 

Ings and costs of all loam, or dry-sand castings, are made up 

Forging separately in the former book ; the latter is used 
for making up the costs of foldings which it is desired to keep 
separate from the general body of a contract The following 
will sufficiently illustrate the character and use of both books : — 



Illustrative Form No. 7. 

■■SPECIAL castings.— COSTS BOOK." 

Order No. C. B. M. fo. : SamiDaries fo. : 

Name of Customer 



Oct. 


IS 


Totjlcoit 


£ 


iB 


! 


ti 


""a 


lb. 


7-6 


£ 


9 


1: 




10 


9 


a 













iS 


" 


■* 


.rs 


14 


" 


» 



The particulars of the wages shown in the above example are 
obtained from abstract sheets, to be presently described. The 
first intimation that the costs clerk will have that the cylinder in 
<luestioQ is in hand will be from his work sheets. He will, when 
he has made up his wages abstract sheet for the week ending 
October 4th, open the entry as above in the " Special Castings — 
Cost Book," but will, of course, have to leave the weight column 
and the date opposite the casting blank until the cylinder has 
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been cast The filling in of the weight of the cylinder will 
probably be the last entry he will make under this heading, 
preparatory to calculating the total cost of the castings. 

Whilst, however, the costs of special castings and foldings are 
thus made up in detail in subsidiary books, they are always 
entered in the gross in the general Materials' Book as well, so 
that all essential particulars of the material supplied under any 
order number may be obtained on reference to one book. 

We have now explained the methods by which the costs de- 
partment obtains particulars of the material obtained or made 
for customers under the order numbers. It is not, however, 
AseeptfllnlBff sufficient for the costs departments to be merely 
Costa of informed of the numbers and weights of the cast- 

Katerial. ings, forgings, and other parts, as such, which enter 
Castings, to. into the composition of the different jobs. It is 
necessary for the costs department to be also fully informed as 
to the quantity and character of the raw material used in the 
establishment for the production of the castings, forgings, and 
other parts, in order that they may determine such rates, for 
example, as the 7/. 6d. in the illustration just given, which was 
the cost of loam castings under every count except moulders' 
wages during a certain period. The necessary particulars, so far 
as material is concerned, are obtained from the storekeeper. All 
pig iron, scrap iron, coke and limestone for the iron foundry ; all 
copper, etc, for the brass foundry ; all bar iron, coal, breeze, etc, 
for the smithy pass through the storekeeper's books. In the 
case of the iron foundry the assistant storekeeper has a book 
ruled as follows ;— 



Illustrative Form No. 8. 
deliveries to cupolas. 



No. I. 
Scolcb I^gs. 


Scol^'feg.. 


No.1. 

ScMChtigL 


HsmaUls. 


"^T 


iSi. 


Coke. 


tin. 


V- 


lb. 





































We only show seven columns above^ Each page of the book 
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actually contains ten more The above headings, being daily 
required, are printed ; the remaining columns have the headings 
left blank, so that they may be filled in by hand by the store- 
keeper's assistant according as they are required. As the dif- 
ferent classes of iron are weighed over the bridge the weights 
are entered in the proper columns. The totals under each 
column are added up at the close of each day's deliveries. A 
page of the book is taken for each day. 

From this book a monthly summary is prepared on a sheet 
ruled exactly like the book itself, except that it has an addi- 
tional column at the left-hand side for dates. The totals of the 
different classes of iron supplied each day are entered in the 
proper columns, and the totals of the different classes supplied 
during the month are found by adding up the columns. If any 
quantity of a special brand of iron has been supplied to the 
furnace for a special casting, the order number under which the 
casting is made is noted under the entry of the weight of the 
iron. There is usually a small stock of pigs or other iron at 
the furnace bank or mouth. The weight of this can usually be 
estimated with sufficient accuracy, and is taken into account la 
the statement That is to say, the first entries on the monthly 
sheet represent the stock at lie furnace bank at the end of the 
preceding month. This is included in the addition of the 
columns, and then the stock at the bank when the summary is 
completed is deducted. The balance, of course, gives the 
quantity consumed during the month. 

This monthly summary sheet is sent in to the costs office, and 
from it a monthly statement of the overhead cost of castings, as 
illustrated in Chapter V., page 48, is prepared and entered in a 
book kept for the purpose. The particulars of the metals supplied 
to the brass foundry are recorded in an exactly similar method 
to that adopted for the iron foundry. 

The proper accounting for the bar iron and steel supplied to 
the smithy presents greater difficulties. In many establishments 
all bar iron and steel is simply charged to the smithy, and the 
price at which the material of a forging is rated in 
^^ a cost is the price per cwt paid for the bars, waste 
and loss beii^ entirely covered in the percentage added for 
shop expenses. 

A somewhat less summary method is certainly desirable. 
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The following answers for all practical purposes. The iron, 
etc., supplied to the smithy for the manufacture of for^gs is 
recorded on sheets ruled as follows : — 



Illustrative Form No. 9. 
deliveries to smithy. 



" Spocial''' Sleel 



The two entries shown above will indicate the use of this 
sheet All iron of ordinary character supplied to the smithy 
for the manufacture of general forglngs is simply noted as 
supplied to the smithy Itself, and is entered in the " general '* 
column. The iron that appears In this column will only vary 
as to its cost price to very small extents — one or two shillings. 
Probably none of this iron will be returned to store, except 
in the shape of a quantity of scrap at the end of tlie month. 
The weight of this scrap will be duly noted in the " returned " 
column. When, however, any bars of special character are 
supplied to the smithy, the order number of the job for which 
they are required is noted (the foreman smith's requisition to 
the storekeeper will give the number), and the iron or steel is 
entered in the " special " column. 

In the instance shown above it will be seen that half the bar 
of steel was returned, and this was considered as still worth the 
original price per cwt., and would consequently be taken back 
into the store at the full price. Only a small piece of the bar 
might have been returned, in which case it would only have been 
worth probably half-a-crown per cwt, and would have been so 
noted in the "returned" column. 

The costs clerk, in entering up order No. 601, will come 
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across some foiling of special steel weighing about 2 cwt, and 
will at once turn up the "deliveries to smithy" shee^ where he 
will find the particulars of the bar of steel supplied to the 
smithy for the job. From the price recorded as the price of the 
bar, and from the value of the returned part, if any is entered, 
he will ascertain and put down the price for the material con- 
tained in the forging. 

These sheets as completed are copied in a press copy-book, 
and at the end of the month are sent in to the costs office. 
They give the total weight of iron, eta, supplied to the smithy 
during the month, and at the same time show at a glance all 
the particulars required to determine the cost in material of any 
special cases. 

All material of a general character supplied to the foundries 
and smithy, such as does not enter directly into the composition 
of the castings and foi^ing^ produced, is recorded in the general 
stores sheets under the heads of the different shop expenses 
accounts. 

It will have been noticed that all material, whether in a raw 
condition, as for example pig iron for the foundry, or in a half 
manufactured condition in the form of castings or foldings for 
the turning or fitting shops, must pass through the stores. 
The strict observance of this rule will minimise error, secure 
regularity and economise labour. 

We come now to deal with wages, and the means to be 
adopted to secure that every penny paid for wages, like every 

penny paid for material, shall be chained against 

some customer, or against some shop or expenses 
account in the costs book. 

In this connection we have the following books : — Firsts a 
" Check Time Book," in which the names and numbers of all 
workmen are entered under their proper departments, and in 

which the arrival of the men, as indicated by their 
Time Boofc. <^b^^3' '^ noted, in accordance with the system of 

"time checks" adopted. This it is unnecessary 
to describe in detail. This book is kept by the gateman, and 
records the total hours made by the men in the shops. 

From it tlie names and numbers of the men. 



Wages. 



RiyBook. 



t(^ether with the total time made by each, are 



entered in a " Fay Book," ruled with columns for the total 
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hours, rates of wages, gross amounts of wages, deductions, and 
net amounts of wages. The " Fay Book " is kept in the general 
office. From the " Check Time Book," also, the names and num- 
bers of all men are entered by the costs clerks in weekly"Work 
Books," the rates of wages being obtained from the " Pay Book." 

In the case of a considerable portion of the men — that is to 
say, all foremen, engine-drivers or firemen, fumace-men, gate- 
keeper, storemen, and shop labourers, the costs clerks simply 
take the particulars of the total time made by 
' them, or the wages paid them where these are 
standing or invariable wages, from the " Check Time Book " or 
. the " Pay Book." But in the case of all journeymen or trades- 
men, apprentices and some labourers, the costs clerks obtain the 
particulars of the time made from the workmen themselves. 
These workmen will be employed on different jobs, in all 
probability, during the weel^ and it is necessary to know how 
much time each man or apprentice has spent on each job. For 
ascertaining this, a costs clerk, in some establishments, goes 
round, ascertains the particulars from each man, and enters 
them in a book which he carries with him. 

It is, however, better to require the workmen to record the 
particulars themselves, either on slates, sheets on boards, or in 
books. Slates are rather heavy and inconvenient to handle, 
and are very liable to get broken. Books very 
^"^™^'' soon become extremely dirty. Probably as good 
a material as any is a block formed by a stout 
piece of common cardboard, with thirteen sheets of paper 
attached to it, and to one another also, by being thoroughly 
gummed all round their edges, except at one comer. Eadi 
«heet is large enough to contain a week's record (ten inches 
by eight inches is a good size), and is ruled with coliuins 
for the order number or name, the description of the job, 
and for each day in the week. When a sheet is filled, it 
is raised at the ungummed comer, and a knife slipped under, 
and run alt round, thus detaching the sheet, and leaving a. 
new one for a new week. The blocks are collected by a boy 
before breakfast each morning, and left in the costs office. They 
are distributed again during the forenoon. 

The particulars recorded by the men are entered in the 
weekly " Work Books," the total time being, at the end of the 
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week, checked by comparison with the " Pay Book." It is a 
rule that the amount of wages for each workman must agree in 
the two books before the wages are paid. The following 
example will illustrate the form and use of the " Work 
Books";— 

Illustrative Form No. la 

WORK BOOK. 
Week ending Gth Dec., iSS 
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Workaum-a 
NuueindNo. 

ofOrdBTor 
CoHoDur'i 




P. 


s. 
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T. 


W. 


n. 
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d. 
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The entire wages of the establishment are dealt with in the 
manner indicated above. A book simply bound in a stout 
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paper cover is used for each week. By using a book for each 
week, the work of posting or abstracting the wages can be carried 
on by one clerk without interfering with the work of entering up 
the books from the men's sheets. Each page of the work-book 
is nearly 16 in. deep by loin. wide. From the work-book the 
wages paid in all contract jobs and on account of 
Sheath ^'^"P °^ general expenses are collected, under 
certain classes and under the order numbers or 
accounts, on " Abstract Sheets," which are large sheets ruled on 
one side only, as in Form No. 1 1. No headings are printed — 
these being written in as required. That is to say, all the 
wages paid to draughtsmen on any contract job are collected 
together under the order number on the sheet, and the sum 
total found by adding up the collected items, and so on with 
the wages paid to pattern makers, moulders, smiths, and all 
other classes into which the workmen of the establishment are 
divided. It will be understood that all the columns on the 
" Abstract Sheets " are ruled alike. In the Illustrative Form 
Na II, the two first sets of columns are shown different from 
the rest simply for convenience in introducing the figures. From 
these figures it will be seen that three draughtsmen worked on 
job No. 601 during the week covered by this sheet, that they 
spent altogether 51 hours on the work and received in wages 
on account of this job £2 3s. gd. The particulars of wages 
required for the loam castings and special forging books are 
also obtained from the work-book or abstract sheet 

The totals of the wages paid to the different classes of work> 
men under each order number or account are then 
^'^ WaOT«f~ posted from the abstract sheets into the " Costs 
Book — Wages (C) " (contract and shop and general 
expenses accounts). This book is the same size as the " Costs 
Book — Materials," and is ruled as in Form No. 12. The sums 
on each horizontal line are added up as soon as the postii^ for 
each week is completed, and the total put in the "totals" 
column. This column, therefore, shows at a glance the amount 
of wages that has been paid in any week on any contract 
When a job is completed, all the vertical columns are added 
up, all the machinists grouped together (as a rule), and the 
totals posted to the '.' Costs Book — Summaries," which will be 
presently described. 
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The wages paid on jobbing orders are dealt with somewhat 
differently. It is quite sufficient to treat wages paid on con- 
tracts and on the different shop accounts in the general or sum- 

maiy manner which has just been described, but 
Waffesf '' '^ desirable, for the convenience of the manager 

or clerk whose duty it is to price jobbing work 
in the Day or Sales Book, to have wages paid on jobbing orders 
posted in greater detail These w^es are, therefore, posted 
direct into the " Costs Book — Wages (J) " in the manner shown, 
in the following illustration : — 



Illustrative Form No. 13. 
costs book— wages (j). 

Thohas Shitb akd Co. 



DMaiptionof Job, 



nman PllUn. 



In addition to the three columns shown above, which are- 
utilised for collecting the wages paid to the pattern-makers, 
turners and fitters, there are a number of other columns which 
we omit in order not to overcrowd our illustration. Altogether 
there are columns with printed headings for the following, and 
in the following order, viz,, draughtsmen, pattern-makers, loam 
moulders, green-sand moulders, smiths, machinists, fitters and 
millwrights, and two blank columns. 

The book is the same size as the " Contracts Costs Book,' 
and in order to gain space for the descriptive columns, all the 
machinists are grouped under one heading, and the money 
columns are ruled for shillings and peace only. In the course 
of the month (the accounts for jobbii^ work are presented 
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monthly) probably several orders for jobbing work will be sent 
in by Thomas Smith and Co, and, it may be, two or three 
different orders will be running through the shops at the same 
time for them. It will not infrequently happen that the returns 
of the workmanship will be found rather mixed, but from the 
brief descriptions thus brought forward and collected into the 
" Costs Book," the manager who prices the accounts in the 
"Sales Book" will usually have no difficulty in appropriating 
the different items to the proper entries as taken from the 
forwarding clerk's delivery dockets, which contain, besides an 
enumeration of the articles supplied, a brief description of the 
work done upon them, which the forwarding clerk obtains from 
the foreman and checks by the order. 

It will thus be seen that this book is deseed with the double 
object of facilitating the charging of the jobbing accounts, and 
for ascertaining quickly the total wages which have been paid 
on account of any job done for a customer, or, at least, paid on 
his account during any period, it being only necessary to add 
up the vertical money columns and bring their totals into the 
filial totals column for the latter purpose. 

The results shown by the materials and wages costs books 
Costs Book— are finally collected into the " Costs Book — Sum- 
SoDunarles. maries," which is a private book accessible only to 
the principals and confidential members of the stafi 

We give an illustration of this book overleaf, selecting for 
examples a small contract and a small jobbing account. The 
letters S. B. and the figures under, refer to the folios in the 
Sales Book; the letters C. and J., and the figures annexed, 
refer to the folios in the Materials Costs Books, Contract and 
Jobbing, and to the corresponding Wages Costs Books. The 
figures in the % column indicate the percentages on the wages, 
which are added on account of all indirect expenses — the actual 
amounts of the " expenses " so calculated appear in the expenses 
column. 

It will be readily understood that a book of this kind, 
properly kept, will constitute a most valuable summary of the 
entire business of the establishment. 

All the jobs completed in any one month are entered up 
consecutively in this book, so that the entries correspond with 
the monthly entries in the " Sales Book," Hence to determine, 
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Illustrative Form No. 14. 
costs book— sumharies. 
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approximately at least, the profit that has been made in any 
month, it is only necessary to add up the two last columns in 
this book, and to subtract the one from the other. We say 
"approximately," because the sums which appear in the "total 
cost " column include an item which, in the nature of the case, 
is problematical — ^that is, the shop or indirect and general ex- 
penses. 

We have now traced all the elements that go to constitute a 
complete cost through the different books to their final destina- 
tion. The following diagram shows the relations of the 
books: — 

U*T»UU. WlOIS, 

Stom. Tims Book. Piy Book. Mui>i Sbceti. 



LSmich 



MM Book)— Uilari^t 
(Special Cudog* and For^gi Bookt.) 



I> ! I W 



CotaBoala—V/agfit. 



—Cot* Book*— San 



J 



It only remains to add that certain items of a private cha- 
racter, such as managers' salaries, interest, and a few others, are 
furnished by the cashier in a gross sum to the chief costs clerk, 
when required for the purpose of completing, yearly or hatf- 
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Illustrative Form No. 14. 
costs book— summaries. 
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yearly, as the case may be, the various " expenses " accounts in 
the costs books. 

Space will not permit us to illustrate the difTerent shop or in- 
direct expenses accounts. These accounts are, however, as 
already stated, simply treated as contracts, such items as rents 
and rates being dealt with as materials, and entered in the 
"sundries" column in the "Materials Costs Book." At the end 
of the year, summaries of all the indirect expenses accounts are 
collected together in the " Summaries Costs Book"; an abstract 
of all the items of indirect expenses, under their different head- 
ings, which have been included in the costs accounts of the 
year, is made ; and a comparison instituted, by which the 
accuracy of the percentages which have been used during the 
year is tested, and the percentages to be used in the succeed- 
ing year determined. 
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APPENDIX. 



TABLE OF ENGINEERING WAGES IN LONDON COlfPARED WITH 
TWO OTHER ENGLISH ENGINEERING CENTRES.— Octobek, 1SS9. 





London. 


Manchbstsr. 


NBWCASTLR.011- 

Tyhk. 




From 


From 


From 




*. i. t. A 
39 to 41 
38 ,. 42 
38 „ 40 
— 24 
38 ., 42 

"J ■ % t 

='-- ■ s t 

18 „ 24 


s. d. 1. i. 

= 1; 

— 34 

32 to 38 
26 „ 29 

24 „ 29 

3> „ 36 
34 ,. 38 
3* „ 38 


s. 4. s. i. 
























18 23 




^4 :; 3! 

*4 „ 38 

24 „ 37 


MUlwrtahts 











As the lat^e engineering centres, except London, are either 
in the midst of, or very convenient to, iron, coal and coke pro- 
ducing districts, most classes of engineering material cost con- 
siderably more in London than in the other principal ei^neering 
towns. The disadvantage of London in this respect, of course, 
varies with the material and with the district with which the 
comparison is made. A3 a matter of fact, the special brands of 
Yorkshire iron, for example, cost less in London than in Glasgow 
or Bristol ; but, upon the whole, it may be taken that the greater 
portion of heavy engineering raw material costs from 5 to 15 
per cent more in London than in most other large manu- 
facturing centres. 
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ABSTRACT abeeta for mges, 346 
Account for enpae repairs, 199 
Allowance men's. 35 
Allowances for Innung, Sec., 14 
AUofS, bnsa, Ac., costs of, 49 
Alteration of patterns, iS 
Asbestos, 33 

BEETLING eninnes. 166 
Bleaching machinery, 160 

Blow-off cocks, 176 

Boiler makers, rates for, 313 

„ plate*, ata 

„ shop expenses, 214 

„ specifications, 231 
Boilers, yam and dolh, 161 

„ steam, 307 

„ donkey, 315 

„ Cornish, 315 

„ Lancashire, 315 

„ Mnltilnbnlar, 330 
Bolts and Nnla. 31,39 
Bowling forgings, 70 

Bowls for mangles, Ac., 164 
Brackets, eumples o^ 61 
Brass, purposes used for, 10 

„ rates for, 3g 

„ compoution and costs o^ 50 

„ foondry expenses, 49 

„ t^s and valves, 17S, 179 
Breakdowns, en^ne, 197 
Brickmaking plants, 167 

CALENDERS, bleachers', 163 
Candles, 33 
Cast iron, purposes used for, g 
„ met for, 33 



Cast iroQ, fixings, 57, ^a 

„ tanks, 13G 
Castings, iron, costs of, 4S 

brass, „ 49 

books and forms, 335, 339, 340 

Clay grinding mills, 169 
„ png^ng mills, i6g 

Cloth boilers, iGi 

Coil springs for pistons, 301 

Collars, loose for shafting, 81, S3 

Colnmns, cast-iron, estimates for, 38 

Commercial knowledge, importance of, 1 

Condensers, engine, 193 

Copper, purposes nsed for, 10 
„ hydraulic tube, 33 

Comish boilers, 216 

Cost, elements of, 43, 333 
„ of material, how ascertained, 333 

Costs accounts, ot>iects of, 334 
„ „ books for, 314 

„ „ order book, 337 
•• ,• order forms, 330 
„ „ invoices, 233 

„ books, for material, 237 
■ ■ forgings, 241 
i, ,, ,1 special castings, 339 

, w«ges, 245, 247 

, s&mmaiies, 350 

Couplings, 173 

Crab winches, 149, 150 

Ciaaet, whar4 ijr 
„ warehouse, 150 

Crank shafts, aot 

„ „ pedestals, 40, soi 

Cupolas, delivery of iron to, how re- 
corded, 340 
Cutting tables, brick, 169 
Cylinders, re-boring, 36 
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DEPABTMENTAL expense*, 45 
Donkey pumps, 144 
„ boilen, 315 
Doors, iron, 137 
Dnraghtsmeii, rates for, 34 
DrawiDg office expenses, 46, 5a 
Drillen, rates for, 35 



ERECTING-SHOP 
Etaclion of machinery, 36 
Estimates, different methods M piice- 

ing, 31 
Estimating weights of material, 11 

„ workmanship, 33 

Extras on boilerplates, 211 

FEED VALVES, 177 
Piles, rates for, 31 
Pirebars, rates for, 2S 
Pireproof doors, 137 
Fitters, rates (or, 33 
Pitting-shop expenses, 52 
Ply-wheel castings, rales for, 36 
ForemeD, use of, for estimating, zo 
Forgings, rales for, 28 

„ makers of, 72 
„ books and forms fol, 343 
Freights, 36 

tt /"•ALLOWAY" TUBES, 313 

\J Gauge cocks, 179 
Grinders, rates for, 35 

HAMMERED scrap foldings, 70 
„ „ „ makers of, 73 
Hangers, estimate for, 39 
„ examples of, 61 
lists of, 63, 85 
Hauling gear for clay, 170 
Hoists, warehouse, 152 
Hydraulic presses, varieties of, 155 
„ „ warehouse, 156 

„ „ repairs of, 159 

■I » list of, ijg 

„ „ pumps, 159 

INDIA RUBBER, rates for, 33 
Indicated horse power, iS<5, 1B9 



Indirect e: 

„ ,1 departmental, 45,314 

„ „ table o^ 53 

Invoices, 333 
Iron ban^ rates for, 38, 71 

„ „ makers of, 72 

„ boiler plates, 3i3 

., forgings, 39, 70 

■I „ makers of, 73 

„ borings, 33 

„ door^ costs of, 137 

„ foiudry expenses, 47 



KIERS, bleaching, 161 
Kirkstall bars, 71 

LABOUR, prices paid for, 33 
Labourers, r^es for, 36 
Lancashire boilers. 317 
Lead, pQiposes used for, 10 

Loom castings, rates (or, 37 
Lo // Moor forgings, 70 



M 



ACHINE-SHOP expenses, 51, 



Machinists, rates for, 35 
Mangles, bleachers, 163 
Materials, basis costs of, 23 

„ prices for, 23 

„ cost of, how ascertained, 233 

„ costs book for, 237 
Mill fixings, 53, 58 
Milling machine men, rales for, 33 
Millwright work, rates for, 83 

„ „ contracts, 129, 131 

Millwrights, rates for, 34 
"Molesworth," 11 
Mortar mills, 171 
Multilabular boilers, 230 



ECK LEATHERS, rates for, 33 
Nominal horse power, 1S4 



|RDER BOOK, 327 

Order forms for shop nse, 330 
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PAINT, rates lor, 31 
Pattern malcers, rates for, 34 
Paltem-sbop expensea, 47, 5a 
Patterns, utilisation of old, 18 
Pedestals, 3B, 39, 40, 65 
,, lists of, 6g, 85 
Pipes, cast-iron, rates for, a? 

„ steam and water, rates for, 31 
Piping, hydraulic, rates for, 33 
Piston springs, rates tor, 33 

Planers, rates for, 33 
Plates for boilers, an 

Presses, bydraulic, 155 
Prices, how determined, 3 
Profit, how made and modified, 3 
Pog mill, clay, 169 
Pallej castings, rates for, a6 

„ patterns, S6 
PnUejs, 39, 91 

,, lists o^ 99 

„ rates fbr, 90, 93 
varieties of. 88 
Pomp leathers, rates for, 33 
Pumps, barrel, 141 

„ list of, 144 

,, direct-acting steam, 143 

„ donliey, 144 

„ ,, list of, 145 

„ hfdranlic, 158 

q plnnger, 140 

„ „ list of, 141 

„ steam, 144 

/QUANTITIES, calculation of, 11 

RE-COGGING wheels, ia3-H7 
„ ,, rates for, 137 

Repairs, estimating for, 40 

„ engine, 197 
Rolled bars, rates for, 71 
,, ,, makers of, 71 
Rope drives, advantages of, loi [102 
„ „ conditions favourable to, 

„ pulle; castings, 26, no 
,, pulleys, 39.41. i°4 
„ „ list of, III 

„ „ moulding, 101 

„ jam, 32 
Ropes for driving, 103 
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SAFETY VALVES, 179 
Scrap metal, rates for, 9 
Screwers, rates for, 35 
Scotch bars, 71 

„ plates, ail 
Shafting. 39, 73, go 
„ list o^ 85 
„ materials for, 70 
,, cheap. So 
Shaping-machine men, rates for, 35 
Slotlars, rates for, 35 
Smiths, rates for, 36 
Smiths'-shop expenses, 50, 53 
Specialization of engineering work, 

133 
Specialties, considerations affecting 

prices of, 7 
Specifications, varieties of. 5 
„ millwork, 132 

„ engine. 205 

StafEbrdsbire bars, 71 
„ pUtes, 21S 

Steam boilers, Cornish, 216 
II I, donkey, 215 

„ „ estimating cost, io8 



„ „ materials of, aio 

„ „ multitnbnlar, 320 

„ „ progress in making, 20S 

„ „ specifications, aai [35 

„ engines, charges fbr per hour, 

„ „ compoond, 188 

,, „ condensing, 188 

,, „ estimating prices, 187 

I, „ non-condensing, 1S7 

,, „ rates per n.h.p,, 187 

„ ,, „ ,1 i.h.p., 189 

„ „ renewals of parts, 20a 

„ „ repurs, 197 

,, „ specifications, ao5 

„ „ varieties of, 181 

,, pnmps, 144 

„ valves, 174 

„ ,1 lists of, 178 

Steel bars, rate for, aS, 71 

„ „ makers of, 73 

„ boiler plates, 313 

„ forgings, rates fbr, 39, 70 

„ „ makers of, 72 

II porposes used for, 10 
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stores and atorekeeper, 234 

„ acconnts, 237 
Sundries, rates for, 30 



Tendera, coDsiderations affecting, 4 

„ for repairs, 43 

,, for millwr^Iil work, 132 

„ for eDginEs, ao6 

„ for boilers, azi 
Timber, puiposea used tor, 10 

„ rates for, 30 
Time books and sheets, 243 
Tuck's packing, 32 
Turners, rate for, 35 
Tomiog-shop expenses, ji, ;2 
Taroing, time occupied ir, 18 

VALVES, en^ne, 200 

„ teed, 177, 179 

,, junction, 175, 179 

„ liatsof, 17^ 179 

„ safety, 179 

„ steam, 174, 179 

„ atop, 174, 179 
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AGES, books for, 345,247 
Wall boxes, 57, 61 
Warebonse cranes^ 150 
,, hoists, 152 
Water gange cocks, 179 
Weights, calculation o4 Ii 
Wharf cranes, 151 
Wheels, 39, 115, 120, 126 

„ machine moulded, 34, 114 
„ making, 114 
„ tnitrc, 118, 119, 124 
„ mortise, 121, 124, 12G 
„ prices for, 14 
„ re-cogging, 123, 127 
„ „ list o^ 127 

varieties 0^113 
Winches, crab, 149, 162 
Work books and sheets, 244 
Workmanship, estimating, x6 

„ rates for, 23 

Wrought iron, purposes used for, 10 
„ „ rates for, 28 
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"To all manufacturars wa commend th« study of 
Factory Aaeounts.' "—Aihmmm, 

Jut published. Third EditioD. T>Bmj 8vo, 250 pages. 
Price 61. (post free), ■trongl]' bound. 



FACTORY ACCOUNTS 

THEIR PRINCIPLES AND PRACTICE. 
n JlanDIioolt for Accountants anO ^annfOcturers, 



THE NOMENCLA TURE OF MACHINE DETAILS; THE /HICOME TAX ACTS; 

THE RATING OFFACTORIES; FIRE AND BOILER INSURANCE; 

THE FACTORY AND WORKSHOP ACTS, etc. 



A GLOSSARY OF TERMS AND A URGE NUMBER OF SPECIMEN RULINQ8. 
By EMUiE GASCKE and J. U. FELLS. 



OPINIONS OF THE PRESS. 
The AthenKum. — " Messrs. Garclie and Fells have rendered good service to 

industrial economy by ihe statement of the principles which regnlate the proper 
keeping of factory accounts. . . Carefully and lucidly explained by the authors. 
To all manu/acturtri yit coiimtnd thi study af ' Fcultry Accaanti.' To railway pro- 
prietors it may be augi^ested that the adoption of the system here sketched out 
would lead to a large and permanent increase of dividend, as enabling them to ascer- 
tain the respective profit or loss of the various branches of their traffic, as to which 
they are at present entirely ignorant." 

Industrial Review. — " The authors may be congratulated Qpon having ren- 
dered a service to all interested in industrial pursuits, since they have reduced the 
art of factory book-keeping to order and method. . . . The principle proposed 
is sound, and the details are readily adaptable to any class of business, even where 
the number employed is comparatively small. The volume is, on the whole, accurate, 
philosophical and reliable; and inasmuch as to ths man of business it will teach 
much and suggest more, it may be commended as supplying a want, and as facili- 
tating good lx)ok-keeping by one's own servants." 

The Electrician, — " Writing with some amount of experience with r^ard to 
accounts, we mnst confess that this work of Messrs. Garcke and Fells seems to us 
tQ\x, ent ef the most imf«rtant ever fublUhed dealing with thete matters. These genllo- 
men have treated the subject from the standpoint of the factory, as practicaJ men 
aking to practical men. We could wish that every manager or managing director 
every company would carefully couaider all that has been said by them," 

The Engineer. — " Will aid those who wish to inaugurate a proper system, for 
in Dumeions examples and workshop forms of account it shows now, in the daily 
routine of a ^tory, the material, labour and stores can be properly tabulated and 
allotted." 

Building Newt.—" A useful valtmefor aucuitlanis and mtmufiutarers. To the 
bnilder we commend the remarks on the book'keeping and routine relating to labont 
and matorial, and the books by which the expenditure is apportioned," 
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STANDARD BOOKS FOR ENGINEERS, etc. 

PUBUSHID BV 

CROSBY LOCKWOOD & SON. 
THE WORKS' MANAGER'S HANDBOOK OF MODERN 

RULES, TABLES AND DATA. For Civil and Mechanical Engineers, Mill- 
wrighCs and Boiler Makers; Tool Maliers, Machinists and Metal Workers ; 
Iron and Brass Founders, &c. By W, S. Hcttok, Civil and Mechanical 
Engineer. Third Edition, Revised, with Additions. In One thick Volume, 
medium 8vo, pnc« 15J., strongly bound. 



;-Weight of Ir 



CONTENTS. 
Proponiona and Rnlea for Uodern Suiioo . 

and LocomtitivB Enginei — LaDcaibLre, Comisb, Tarioos UetaJi i 

VertLcal, Return Tube, uid Portable Ratiot 

Boilns — Cbinine;b~WaMi-Wb(el9, Fumps, 

Plpu. Giiden, Geaiing, SbBfling.aad Uillwork 

— Irgn Foimdiy Woik and Biui Work— Rules 

and Pnclical Dau relaling to the Slrennh and 

WsiglilofMiUlaandUaleiialB-IroDiDaBnus 

Calling — Cnttini MeUla — Wheel Culling — 

Sciew CultioE— Wbeel Geu-isR— Rous Geuiag 

—Pullevs— WeishI of Pulleya— Weight of Spur, 

find, and Mortics Wbeeli — Warming and 

"The author treat! every subject from (be point of vici 

shop Dotea for application in woikahop practice, rather thai. ,--^ , 

aipecl. Tbe volume containi a great deal of thai kind of infomvlioo which ia gained onlj t^ 
--aclioal uperisoce, kod la acldHii written in boo]a."—BHginar. 



ench Worda fOr En^ 



a the tbeoiBtical oi 



v^nabielnfofin]uiDD maver j p»ge."-3f™ 

"The infomiitioo if ptKiaelj (hat like.. , . __ 

■ deiirable addition u Iba library not only of ths worki' managec, but of anjone o 



(hat likely to be required in practice. . . The work fo 



as 



" "Hie voliune it an eirceedlngl j naeful one, brimful with Enaineen' notes, memoranda u>d 
rules, and wall worthv of belDE on ever* mechanical engineer'! bookahelf. .... There ia 

_.i — ki. i-c .: — ' — ^age."— UrtkiiBi— ' "'— & 

ely (hat likely ti 
al engineering."— UiBing Journal. 

Companion to " The Works' Manager's Handbook." 
THE PRACTICAL ENGINEER'S HANDBOOK, comprising 

a Treatise on Modem Engines and Boilers, Marine. Locomotive and Stationary, 
And containing a Large Colleclion of Rules and Fiacticat Data Relatiiw to 
Recent Practice in Designing and Constructing all kinds of Ei^ines, Boilers 
and other Engineering Work. The whole constituting a Comprehensive Kejto 
the Board of Trade and other Examinations for Certilicates of Competency in 
Modern Mechanical Engineering. ByWALTBR S. Hutton, Civil and Mechani- 
cal EDgioeer, Author of " The Works' Manager's Handbook for Engineers," Ac 
With upwards of 370 Illustrations. Third Edition, Revised, with Addittans. 
Medium 8vo, price t8i., strongly boond, [Jfiut ftMititil. 
'e kept It at hud be asreral iieeka, rsEerrlnglD it aa occasion aroae, and we have 
: i.-j f.- ____ — T.i._... „_ jT_jg jjjg information of which we wBra in 

in go through without leain- 

.maieellsnt book (^ reference for ecgineeit, and a viduable teil-book for atndanu of 
engineering."— Scdtnwia. 

TABLES, MEMORANDA, AND CALCULATED RESULTS 

FOR MECHANICS, ENGINEERS, ARCHITECTS, BUILDERS, &c. 
Selected and Arranged by Francis Smith. Fourth Edition, Revised and 
Enlarged, 356 pages, Waistcoat-pocket size, price 11. 6d., limp leather. 

rjust Publislud. 

" It would partiapa ba a* difficult to make a amall pocket-book aelectton of notea and 
formula 10 auit all englneeri aa it would be to make a univeraal medicbwj but Mr. Smiih'a 
waistcoat -pocket collection may be looked upon aa a aucceaaful attempt, "^isflfvurr. 

'* A veiitable pocket Ireaanry of knowledge,^' — Irom. 

THE IRON AND METAL TRADES COMPANION : Being 

a Calculator containing a Series of Tables upon a New and Comprehensive 
Plan for expeditiously ascertaining the Value oC any Goods Bought or Sold by 
Weight, from 11. per cwt. to riij. per cwi., and from one farthing per pound to 
ooe shilling per pound. With Rule* on Decimals, Square and Cube Root, Men- 
suration of Snpofices and Solids, &c. ; also Tables of Weights of Materials, 
and other Usefnl Memoranda. By Thomas Downie. Strongly boond in 
leather, 396 pp., 91. 

"A moat naafnl lat of tablet, ind will aopply a want, for nothing I ika tham b*fcn •liMad." 
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STANDARD BOOKS FOR ENGINEERS, etc, 

FUBU3HZD BY 

CROSBY LOCK.WOOD & SON. 
THE NAVAL ARCHITECT'S AND SHIPBUILDER'S 

POCKET BOOK of Formnlx, Rules and Tables, and Marine Engiaeer's and 
SarvcTor's Handy Book of Reference. By Clbubnt Mackkow, Member of the 
InstitntioQ of Naval Aichilects, Naval Dranghtsman. Tbird Edition, Rflriaed. 
Witb namerous Diagrams, &c Fcap., its. Si., strongly bound in leatbet. 

" Should ba a>ad b^ all nbo tie engued in Uis consIniclioD oi desini of >saael(. . . - 
Will ba tbqnd to coDtua [be moit uieful labia and farmulv required by shipboildera, carefully 
coUscted En>m the beat anibacities, aodput toietberia a popular and (Imple foim.''— Ehtiiuct, 

"The profeuional ihipbuilder bu now, la a convenient and uzenbla foim, reUabta data 
(or solving man; of Ibe nuinerDus pcoblema Ibic pieunt Ibenuelvn in the conrae of bis volk." 

" Then !• scarce]* a snbjoct on wfaicb s naval architact or aldphuilder can leqoire to re- 
fresh fail memory wbidi will noi be Ibnnd irltbin [be coven oi Mr. Uackrow's book."— Englith 

THE PRACTICAL MECHANICS WORKSHOP COM- 
PANION. Comprising a great variety «f the most useful Roles and Formnbe 
in Mechanical Science, with Dnmerons Table* of Practical Data and Calcalated 
Resnlts for Facilitating Modianical Operations. By William Teuplxtoh, 
Aathor of •■ The Engineer's Practical Assistant." &c &c. Fifteenth Edition, 
Revised. ModenuMd and con^derabW Enlarged by Walter S. Hititon, C.E. 
Author of "The Works' Manager's Handbook of Modem Rules, Tables and 
Data for Engineers," &c. Fcap. Svo, nearly 500 pp., with 8 Plates and upwards 
at 250 niustrative Diagrams, 6s., strongly bound fbr workshop or pocket wear 
and tear. [Just futHiMed. 

^ TiurLiTQir's "Uichanic's Wohkskof CoMrunoir" >uu hitti for mon Ihanaqiuuta 
of a tmiiiry datrotdty popular, having tun through numtmroka Bditiotu { and, as a recogHittd Tat- 
Book and wtU-wont and thumb-mark^ vade mecnm t^ tevtral gt^trations of inttilierni and aspir- 

pvsituminlijc. 

In its preunt greatly Eniargtd, Improotd and Uodtrmud form thtpubtiskert ansitrtthat U 
wtli commtnd iOrif it ikc Bngluh vortaus of Ihi pratnl day lUi tkt world our. and btami, tlht 
its priitcasan, their indisptiualiU fritnd and rifira, 

" In In modsmliBrl form Hutlos's ' Templeton ' ibonld have a iride sals, for il cooiains much 
valuable infonnatian which tba mechanic mil often find of nse, and not a few lablei and nolea 
irtdch be mIcU look for In vain in other works. Tbie modernised edition will b« appreclatad 
by an wbo have learned tovalae tbamlglnal oditiona of 'Templelon,'"— £iiffuik Ituhanii. 

" It bu met with great sncceai in Uie engineering workshop, as wB can iwti^ 1 and ihere 
■re ■ Beat many men who. In a frreai maasore, owe iheir rise in life to this little book, ''— 
Buiidine Nswi. 

BOILER MAKER'S READY RECKONER. With Examples 

of Practical Geometry and Templating, for the Use of Platers, Smithy and 
Riveters. By John CousTNEr, Edited by D. K. Clark, M.I.C.E, Second 
Edition, Revised, with Additions, izmo, 5^., half-bound. 

* A raU>bla«ilds to the working boiler maker."— /ma. 

" Bdler maka* will readily recognlsa the valne of this volume. . . The tlblea are 
■Isuly prlotad, and so arranged that the; can be referred to with the grsaiesl faelliiy. to tbit It 
cannot be doubted that thay will ba generally appreciatod and much used/'— if uiiiif Journal. 

IRON AND STEEL : A WORK for the Forge, Foundry, 

Factory and Oftice. Containing ready, useful, and trustworthy inEormation 
for Ironmasters and their Stock-takers: Managers of Bar, Rail, Plate, and 
Sheet Rolling Mills ; Iron and Metal Founders ; Iron Ship and Bridge Builders: 
Mechanical, Mining, and Consulting Engineers ; Architects, Contractors, 
Boilders, &c. By CHAIU.BS Hoare, Author of "The Slide Rule," Ac. Eighth 
Edition, Revised and Enlarged. With folding Scales of " Foreign Meainrei 
compared with the English Foot," and " Fixed Scales of Squares, Cubes, and 
Roots, Areas, Decimal Equivalents," Ac. Oblong 32 mo, leather, elastic band, 61. 

" For compraben«lvene*s the book baa not Ita equal.*' — frofi. 

"One of the besi of Ibe pocket books, and a nsefiil oompanloo In other branches ot work 
than icon aiul tt»et."—Ei^tiih Il4ehanit. 

THE ENGINEMAN'S POCKET COMPANION AND PRAC- 
TICAL EDUCATOR FOR ENGINEMEN, BOILER ATTENDANTS, AND 
MECHANICS. By MtCBABL Rbvholds, Mem. S.E., Author of "Locomotive 
Engine-IMvii^," " Stationary Engine-Driving," &c. With Forty-five illngtra- 
tiona and nnmeroiu Diagrams. Second Edititm, Revised, Royal i8mo, 31. tU., 
atn»gly bound in dothfor pocket wear, [jfuit PtOlMtd. 
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STANDARD BOOKS FOR COMMERCIAL MEN. 

PVBUSBBD BV 

CROSBY LOCKWOOD & SON. 

Chadwick's Calculator. 

THE NUMBER AND WEIGHT CALCULATOR. Containing 

apwvds of 250,000 Separate CalcnlatiODS, showing at a glance the value »t 411 
difiereol TRtes, ranging &om Atbof a pennj' to zoi.each, orpercnt., and £20 per 
ton, of any nnmber of articles cooaecntively, from i to 470, — Any nimber of 
cwl9., qrs., and lbs., from i cwt. to 470 cwts. — Any nnmber of tons, cwts., qra., 
and lb9., from 1 to 1,000 tons. By William Chadwick, Public Accountant. 
Second Edition, Revised and Improved, and specially adapted for the appor- 
tionment of Mileage Charges for Railway TrafBc. 8vo, price iSj., strongly bcnmd 
for Office wear aod tear. [Jmt fiibliihed. 

tS'Thit compnhaaivi ayul nlirtly uniijiu and original Caletdaiiir a adaplci farthtuuof 

AL MlHCHANTS. I COLLISBl pBOPBlETOBa BllOUItS. 



GlH>MI.CAlt>lElB, &C. 



TiuBEii Mbkchakts. 



Roor 



■a ersn more qnickly mad*, r 



dsrabl« qnutilr of calcnlation* innlviog price 

"Tbe moil complele ind practlc&l ready reckoaei wh[clillhubceD onrfartiine yet Co see. 
It iidiScnlttoinugiiieatrideoroccupitiaaliiwblcbit cauldaotbeofthgitruLeituK,eiUter 
ia iBvlng liumiui laboui or in checklag work. Tbe publiaben hare placed within lbs reach of 
eveij commetcial nun an iovaluble and unfailisg assiitaDt."— TAi MilUr. 

Harben's Calculator. 
THE WEIGHT CALCULATOR : Being a Series of Tables, 

upon a New and Comprehensive Flao, exhibiting at One Reference the exact 
Valne of any Weight, ftom 1 lb. to 13 tons, at 300 Progresdve Rates, from id. to 
16S1. per cwt.. and contaimng iS6,ooo Direct Answers, which, with their Com- 
binations, consisting of a single addition (mostly to be performed at sight], will 
afford an aggregate of 10,266,000 Answers ; the whole being calculated and 
designed to ensure correctness and promote despatch. By Henry Hasbbh. 
Accountant, Sheffield, Author of "Tbe Discount Guide." Fourth Edition, 
carefully corrected. Royal 8vo, strongly half-bound, £1 5s. 

" A pracUul and nseful work of lafereoce for men of buslnest gcDeiallT, il is the beu of 
Ihe kind na turnt wea,"~IroiuiuHgtT. 

Harben's Discount Guide. 
THE DISCOUNT GUIDE: Comprising several Series of Tables 
for Ihe use of Merchants, Manufoctarers, Iroamongers, and others, by which 
may be ascertained the exact Profit arising from any mode of using Discounts, 
eitber in tbe Purchase or Sale of Goods, and the method of either Atleriog a 
liate of Discount, of Advancing a Price, to as to produce, by one operation, « 
sum that will realize any required Profit after allowing one or more Discounts ; 
to which are added Tables of Profit or Advance from li to 90 per cent., Tables 
of Discount from i^ to 9S2 per cent., and Tables of Commisuoa, Ac., from 
i to 10 per cent. By Hekkv Harbbh, Accountant, Author of " The Weight 
Calcnlator." NewEdition, carefully Revised and Corrected. Demy Hvo. 544 PP-> 
half-bound, £1 51. 

" A book )Dch ai tbia can only be appradsted by lniilD(M men, to wliom iIm wvlng of 
tiow (DMiii uTing of money. The work ii a model of tTpaaaphlea] eleUB«*s,aiid mnt prove 
of gisBL value to mercbamt, minufaoiurera, and tm'atwitaAtn."—Britith Trait Jetrmaf. 

In wood's Tables. 
TABLES FOR THE PURCHASING OF ESTATES, Free- 
hold, Copyhold, or Leasehold ; Annuities, Advowsons, Ac, and for the Renew- 
ing of Lmms for Terms of Years certain, and for Lives ; also for valuing 
Reversionary Estates, Deferred Annuities, Next Presentations, Ac By W. 
ImvooD. Twenty-third Edition, with Tablet of Logarithms. By M. Fbdok 
Tbohan. CrownSvo, 81., cloth. 

" TboM IdIstmImI In lb* pnrcliue and lale of eMalei and In tbeadjnHmenlofcompma- 
** -a well aa in transactiona in annnitiea, life ioanranees, ftc., wlU find it ot sminwit 



•mdee.'— SivliurWnr. 
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CATALOGUE OF BOOKS 

INCLUDING NEW AND STANDARD WOBEB IK 

ENGINEERING: CIVIL, MECHANICAL, AND MARINE, 

MINING AND METALLURGY, 

ELECTRICITY AND ELECTRICAL ENGINEERING, 

ARCHITECTURE AND BUILDING, 

INDUSTRIAL AND DECORATIVE ARTS, SCIENCE, TRADE, 

AGRICULTURE, GARDENING, 

LAND & ESTATE MANAGEMENT, LAW, etc. 



CROSBY LOCKWOOD & SON. 



HSCHAHICAL EHQINEEBINa, etc. 



tiem Manual for Practical Engineers. 

THE PRACTICAL ENGINEER'S HANDBOOK, Comprising a 

Treatise on Modem Engines and Bailets, Marine, Locomotive, and Stationary. 
And containing a large collcs:ti<iii of Rules and Fracdcal' Data relating to receuC 
Praclice in Designing and Constructing all kinds of Engines, Boilers, and other 
Engineering work. The whole constituting a comprehensive Key to the Board of 
Trade and other Eiandnalions for Certiticates of Competency in Modem Mechanical 
Engineering. By Waltsr S. Hutton, Civil and Mechanical Engineer, Author ol 
"The Works' Manager's Handbook for Engineers," Slc With upwards of 370 
Illustrations. Third Edition, Revised with Additions. Medium 8vo., nearly 50c 
pp., price l&i. Strongly bound. 

' Tkii vark ii daigtud as a compatiiott la tkt Autkor't '' Works' Manager's 



Handbook," Itpoaaus many ntvi and orit^ntd features, aad eonlains, likt its pnd*- 
j:isitr, aqvanlilji of matter tioi originally intrndid for publicalion, but celUclidby tkt 
Author for his own use in the construction of a grial varitty of Modern E.iginebrinq 



Work. 

The information is given in a condensed and concise form, and is iUttstrated by tip- 
■wards of yjo tVtadeuts; and comprises a quantity of labulatal matter of great value to ail 
engaged in designing, constructing, or estimating for Ekoine^, Boilers, and other 
Engineer IN a Work. 

•,• Opinions of the Tress. 

" We have kept it it hml for hvbt*! urceiii, rererrlng to it m occaiion uou, aDd we hive not on a 

" A thoroufhly [ood pncti^ hindhHk. which no eng [necr cin go through without leaiaiaff tome- 
thing that will be ar>eTnceishini."~jVan'iu Engiiitr. 

J' An «ceUait booh of rsTercaca for eagioeen, and a nluafale (eit-book fsi uudecU at eDgineer- 

" Tliis vaiuiblo Diannal erabodiei the reiulu ud experience of the leadinaauthoiiliexniinecbaiiica 
minueeiiiiK."— an/MiV Nrai. 

"The author hai collected lOEether i BurpriuEif quintily of miei and practical datB, indfaaiihowa 
much judgment in the lelecdoiu he hu mule. . . . There ig no doubt Ihit thia tHwk u onect the 

" A Toui of iDfanOBlioa, Ht down in Eimple language, and in inch a form that it can be euily referred 

illuicrationa The hook will lind iti way on to noit engmeen* ihelvci, where it wlU ruk aionoof tJ]« 
nwat uiefnl booki of nlvcttct^'—pTatticiil Ei^imir. 

" Full of uieFiil infoimatian, aad ihould be found on llie office iheU of all pwctital toginaen."— 



2 CROSBY LOCKWOOD <5- SON'S CA7AL0GUE. 

Handbook for Works' Managers. 

THE WORKS' MANAGER'S HANDBOOK OF MODERI^ RULES, 
TABLES, AND DATA. For Engineers, Millwrigbts, and Boiler Makers; 
Tool Makers, Machinists, and Metal Workers ; Iron and Bnss Founders, &c. B^ 
W. S, HUTTOM, Civil and Mechanical Engineer, Author of "The Practical En- 
gineer's Handlwok." Fourth Edilion, carefully Revised and partly Re-writieo, In 
One handsome Volnine, medium 8vo, price ly. strongly bound. \yiisl fivblished. 
SV TAt Autkffr having cewpiUd Rules and Data for his own ust in a grttttuariay 
of modem engintering •work, ana having found his notes extremely usiftil, decided la 
publish them— revised to dale — believing that a practical wark, suited to the daily rI' 
quiREMzNTS OK MODERN ENOIKEKRS, weuld be Jovourably received. 

In the Third Edilion, the follmuing among other additions hoTie been made, viz. : — 
Rules/or the Froporlions of Kiveled Joints in Soft Steel Plates, the Results of Exferi- 

' 's by Professor KENNEDir^or the Institution of Michanieal Engitieers— Rules 

htProforlionsoJ ' ' ■ - .., — .. « 

Compressed Steel, Sr'e. 

*,* Opinions of the Press. 

"The aulhOT trnU cTcry lutjecl fnMn the pci[nt of view of our who hat callectcd worlnhop notn for 
■pptiutioa in workshop practice, nther than from the thearelicalDrlitcruyupect. The VDlume conEuni 
a f real deal of ihHt kind ofmtonEation trhich U eaiaei oolr by practical expeneace, (md ia bcLdom wxiiien 
\sibao'ki."~EniiKUr. , 

" The Tolume u as «c<eding1* uteful one, brimrul with en tin ecu' notes, menrnnuda, ami rulu, and 
wcU worthy of heing on every mechanical tugineei'i txiota'atK. —Muhanical tVcrid. 

"Tliainrarmatlosiipieciielr that lilitly to bcrequiredin practice. . . . The work foniu a de- 
sirable adiUtion to the iLbforr ti« ooLy of the works maoager, but of aoyone cowiecied with gcncrat 
eopneerinB."— J/^V 7™™-^. 

"Afotmidable manof facliand liEurei,reHdilyacce«ib1e Ihrouihanelaboraleindei, . . . Such 
a lolunie wiU be found obHiuitly neceuiry aa a book of refeieace in all uru ol ' worki' ctoneclei with 
the metal trtdci."— Jjp/nnrf'i lr<nt Tradit Circular. 

" Brimful of usefbl ipronnatlcii, itated in a coccife form, Mr. Hutlon's booki have met a preuine 
want among engineera. The book must prove evuemely uieful to every practical man poftscbinga. 

Praotloal Treatise on Modern Steam -Boilers. 

STEAM-BOILER CONSTRUCTION. A Practical Handbook for 
Engineers, Boiler-Makers, and Steam Users. Containing a large Collection of 
Rules and Dala^ relating to the Design, Construe tiim, and Working of Modern 
Stationary, Locomotive, and Matine Steam-Boil=rs. By Walter S, Hutton, 
Civil and Mechanical Engineer, Author of " The Works' Manager's Handbook," 
"The Practical Engineer's Handbook," flic. With upwards of 300 lUustratioiis. 
E^ This V!ork is written ia the same itylt as Mr. Hutton' t other practical Hand- 
boohs, which it is intended to supplement. It is in active preparation and will, it is 
txptelid, bo ready in April. 

" Tlie Modernised Templeton. " 

THE PRACTICAL MECHANIC'S WORKSHOP COMPANION. 
Comprising a great variety of the most useful Rules and FonnuliE iu Mechacicul 
Sdence, witK numerous Tables of Practical Data and Calculated Results for 
Facilitating Mechanical Operations. By William Templhton, Author of 
"The Engineer's Practical Assistant," &c. &c Sixteenth Edition, Revised, 
Modernised, and considerably Enlarged by Walter S. Hutton, C.E,, Author of 
"The Works' Manager's Handbook,'' "The Practical Engineer's Handbook," 
&c. Fcap. 8vo, neafly 500 pp., with 8 Plates and upwards of 250 Illustrative 
Diagrams, 61., strongly bound for workshop or pocket wear and tear, '\yust publishtd. 
\* Opinions of the Press. 

" In ill modemired form Hutlon'i ' Templeton ' (hould bave a wide dIc for 11 coDlaini much 
valuable InfotnulioD which the mechanic will often find of uie. and not a few laUei ud notes whkh be 
might k»kforin vain in other works. Thiimodemiied edition will beappiedaled by all who have leanitd 
to lalua (he original editions of ' Templeton.- "—EntUth Micluiitic 

"It has met with prox tbcccs£ in the engineering voritihop, as we can testify; and there are a 
treat many men who, in a great meatiue, owe their rise tu li/e to tbik little hooit."..-Biiitdi/r£ AetOi. 

iDd^iuliUng, The new modemiied' edition u worth its weight in gold."— ^uMi'v AVtia. (Second 



weigh! in 
and laigelruied book conlaini infonnation, brought up lo date, of the 1 



■ultotheloremananoonil.Bii.« . _ 

:itinactlcal];y anewbook. It will be largely nsed in theofBceand workshop."'. 



MECHANICAL ENCmEERlNG, *v. 3 

Stone-working Machinery. 

STONE.WORKING MACHINERY, and tht Rapid and Economical 

Ceitvtrsion of Stone. With Hints on the Airangement and Manageinent of Stone 
Works. By M. Powis Bale, M.l.M.E. With Illustrations, Crown 8vo, 91. 

I' The book ihould Ix in Ihs hudl ai Every nuion or Uudent of itonewarli."— Ci>;/UT7 Guardiim. 

pttent lo deal MhiUilLyciy WL^r—BuUiKr'i Witkly RtflvUr" '"^ 

'* A cuital bundboak far all who nunipuUta iioQa for buildlnf or QniuDcnuJ purpmei/''^ 
MKkimity JUarhl. 

Pump Construction and Management. 

PUMPS AND PUMPING: A Handbook /or Pump Users, Bring 
Notes aa Selection, Construction, and Manageroent. By M. Powis Bale, 
M.I.M.E., Author of "Woodworking Machinery," "Saw Mills," &c Crown 
8vo, 23. bd. dolh. [Justfublii/ied. 

"The matter is let fonh u canciselT » possible. In Faci, condensation rather than diffuseaeu 

his been the ambor'i aim throuchoul ; vet he does not leem to have omitlsd anyihidg likelf (o be of 

use/'-^ovrnBl 0/ Goi LigMne. 

" ThoiDDgUr praclidd and simplf and clcailji «rittea,"~C2ai^B Herald. 

Turning. 

LATHE-WORK : A Practical Treatise on the Tools, Appliances, and 

PnxiSMS employtd in tht Art of Turning. By pAUL N. HaslUCK. Fourth 
Edition, Revised and Enlarged. Crown Svo, u. doth. [yusi fuiliihtd. 

" Written by anumwho knowi no! only how wort oughi to b* done, but who alio Imowi how to do 
II, and hair to coaveyhiikaawlEdRew others. To ail lumen ibti book wmitd be valuaUe."— fi'w^wciiif . 
" We cu safely recoDnoBd the work to young engjneen. To the amateur it will liinply 1» invnlu- 
aU«._ To Ihe undent imillconiey a gmt deal oIu«(uJinfonBalion."—£nf/«ir. . 

Screw-Gutting. 

SCREfV THREADS: And Methods of Producing Them. With 
numerous Tables and complete Directions for using Screw-Cutting lathes. By 
Paul N. Hasluck, Author of " Lathe -Work," &c. With Fifty Illustrations. 
Third Edition, Revised and Enlarged. Waistcoat-pocket siie, u. W- cloth. 

\Just Published. 

are Uluiimied aBd"!)!*!" aelion'deiCTibe'd!"— WrfAa-iTB/^WWi/. 

" It i& a complete compendium of all the deuili of ihe screw-cutliDE lathe : in fact a iimtl*m-i»- 
jtiinw on all the subjecls iL mats upon."— Car/n/tr and SniUlT. 

Smitli's Tables for Meoltanios, &c. 

TABLES, MEMORANDA, AND CALCULATED RESULTS, 
FOR MECHANICS, ENGINEERS, ARCHITECTS. BUILDERS, ^-e. 
Selected and Arranged by Francis Smith. Fifth Edition, thorooghly Revised and 
Enlarged, with a New Section of Electrical Tables, Formul.*, & Memoranda. 
Waistcoat -pocket siie, it. td. limp leather. [_Just patlisiud. 

" Tt would, perhaps, be as difficult to make a amall pocket-book lelecEion of note* and fonnulu to 

lection may be looked upon as a successful attempt." — Enritutr. 

"Thetesteiample we have ever seen of s!o pares of useful mailer packedjnto the dimensions of a 

£ngineer'8 and Maotiinist's Assistant. 

THE ENGINEER'S, MILLWRIGHT'S, AND MACHINIST'S 
PRACTICAL ASSISTANT. A collection of Useful Tables, Rules, and Data. 
By William Templeton. Seventh Edition, with Additions. iSmo, 21. (>d. cloth. 

" A deserwdly popular work. Ii should hem Ihe 'drawer' of crwy mecbaiuc."—£iv'"*-''«*»«- 

iron and Steel. 

" IRON AND STEEL" .■ A Work for the Forge, Foundry, Factory, ana 
Office. Containing ready, useful, and trustworthy Information for Ironmasters 
and their Slock-takeis ; Managers of Bar, Rail, Plate, and Sheet Kollim; Mills ; 
Iron and Melal Founders ; Iron Ship and Bridge Builders ; Mechanical, Mining, 
Bnd Consulting Engineers ; Architects, Contractors, Builders, and Professional 
Draughtsmen. By Charles Hoare, Author of "The Slide Rule." &c. Eighth 
Edition, Revised thronghout and considerably Enlai|;ed. 32mo, 6j. leather. 



4 CROSBY LOCKVVOOD &- SON'S CATALOGOE. 

Engineering Construction. 

PATTERN-MAKING : A Practical Treatise, embracing the Main Types 
of Enf>in«enng Cotutruction and iocluiliDg Gearing, both Huid and Machine- made. 
Engine Work, Sheaves and Palleys, Pipes and Columni, Screws, Machine Parts, 
Pumps and Cocks, IheMoolding of Patterns in Loam and Greensand, &c,i together 
ivith the methods of Estimating the weight of Castings ; to which is added an Appea- 
dix o( Tables for Workshop Reference. By A Fokehan Pattern-Maker. 
With DpwsnU of 370 lilustifttiom. Crown 8vo, 7/. 6d. doth. 
"A mll-millcD tudiniciil guide, endently wiitlra b; 1 mu who undeiitudi ud hu pnelued 

what he hu written mhaal We dardially ncommend it to enpntering Hodrnii, youBg 

lournermcn, and olben ddiroui of beioE iajciated inui the materia of julteru'iiiakiDg," — BitiUrr. 

"Likelf 10 prove ■ welcome guide to muiy workmen, erpeciftlly Lo dnuohttmen wlm hlTC iKcLed a 
traiDinc in Ihe ihopi, pupili pumiiDg their praciicd Hndiei in oui factsno, and ta employen and 
lunagcri in cDgineenog wotk(.''^/fanAuan TraJt Jtamal. 

■■ More than 370 iUnUiatiou help to explain the ten, which ji, hnveva. alwail clear and eaplid;, 
thui renderijig the work an eacellentsa^Mf^iintffor theapprenticv vhodeaini to become mauer of liii 

Dictionary of Mechanioat Engineering Terma. 

LOCKWOOD'S DICTIONARY OF TERMS USED IN THE 
PRACTICE OF MECHANICAL ENGINEERING, embracing those cnrrenl 
in the Drawing Office, Pattern Shop, Foundry, Fitting, Turning, Smiths' and 
Boiler Shops, &c. &c. Comprising npwards of 6,000 Definilions. Edited by 
A Foreman Pattekn-Maeer, Author of " Pattern Making. " Cr. 8vo, ^s. 6d. ct 

ing. 'Ibe practical engineering pitpil will find the book of Kieat value in lua atudiea, andevcrj forenum 
CDginecr and mechanic should have a copy."— ^wfiA'fl^ J^rws. 

" ATler a eaieful Haminalion of the book, and tiying all manner of wsidl, we think that the (D. 
aiiieerwill here fiod all he itUkely to require. It will be largely used."— /"mffi'io/fn/iiKfr, 

"Ooeof the molt useful boohs which can be presented to a mechanic or sEudeuL." — EmgJitk 






students ever; where. "—Co^Jwo' Cuanl%aa. 

Steam Boilers. 

A TREATISE ON STEAM BOILERS: Their Strength, Construe- 
tian, and Econamical Working. By R. Wilson, C.E. Fifth Edition, lamo, 61. cloth. 

"TTie best treatise that hai ever been published on (team boilers."— £i«iii«i-. 

" The author shovi himself perfect master of h» subject, and wc heartily recomiaeod all employiog 
steam power to possess Ihemielvos of Ihe lias'tr—R^laMd'i Irsit Traiit Circular. 

Boiler Gtiimneya. 

BOILER AND FACTORY CHIMNEYS; Their Draught-Power and 

Stabiliiy. With a Chapter on Lightning Canduclars. By Robert Wilson, A.I.C.E., 
Author of "A Treatise on Steam Boilers," &c. Second Edition. Crown Svo, 
31. fid. cloth. 
" Pu]] of nseliil iDformaiion, dcGnile in statement, and thotonghl* practical ia treatment.''— 

Boiler Making. 

THE BOILER-MAKER'S READY RECKONER &* ASSISTANT. 

With Examples of Practical Geometry and Templating, for the Use of Platers, 

Smiths, and Riveters, By JoHN Courtney, Edited by D. K. Clark, M.I. C.E. 

Third Edition, 4S0 pp. , with 140 Illastrations. Fcap. Svo, 71. half'bound. 
" A mast useful work. ... No workman or apprentice diould be without this bock."— /re* 
r-wA Cimlar. 

"Boiler makers will readily recognise Iba value of iMa volume. , . . The tables are clearly 
printed, and so arranited tlial tbey can he referred to with the greatest facility, so that it cannot be 
doubted that they ttili be uencnJIy appredaud and much used."— ^uh'iv Jt^'maJ. 

Warming. 

HEATING BY HOT WATER; with Information and Suggestions 

on the beat Methods of Heating Public, Private and HoTticultural Buildings. By 
Walter Jones. With upwards of 50 Illustrations, crown Svo, ai. cloth. 
" We eonfidenlly recommend all interested In bea'Ine by hot WMer 10 lecBre a copy of this 
vB!u.bleUtil«treau/e."-r*./'."'n4(rofldD(«rfl(of. " 



MECHANICAL ENGINEERIKQ, &•(. S 

StBam Englm. 

TEXT-BOOK ON THE STEAM ENGINE. With a Supplement 
on G«s Engine*, and Part IE. on Heat Engines. Bj T. M. Goodbvb, M.A., 
Barrister-at-Law, Professor of Mechanici at the Normal School of Science uid the 
Royal School of Mines; Author of "The Principle* of MechBuict," "The 
Elements of Mechanisin," &c. Eleventh Edition, Enlarged. With numerous 
Illustrations. Crown Svo, ts. cloth. VJifl publithtd. 

«nyU;in« written by HuiJev or MuwcU, and « can inrd n no higlir praiit. '■—£«,(»?«■. 

Mr. Goodeve'i text-book ii a work of which evoj ynuig encuieu khotUd poucQ himscl/."— 

" EuentiaUy practical in iti aim. The maiuer of uBMitian Itavs DOIhiii-: to ba dtund.''— 
Sctltmat. 

Oas Engines. 

ON GAS ENGINES. Being a reprint, with some additions, of the Sup- 
plement to the Tixt-ioai en Ikt SItam Engint, by T, M. GooDEVt, M.A. Ctowq 
8vn, 2/. td. doth. 
'*Likfl alt Mr. Gcfodtve'i vritiiin, tlie preieDt ii no exceptiania point of EBnersl eiceUeu** It la 
a nlnable kUUe ■n\wat."—MicMaimal WirU. 

Steam. 

THE SAFE USE OF STEAM. Containing Rules for Unprofessional 
Steam-osers. Byan Engineer. Sixth Edition. Sewed, 6a'. 
"IfiteamMiiert would but Loam Uiis little book by heat^ boiler ejiplotion* would become lediation 
\iy Hivx nI^X1,"— Engiitk Afrtkanie^ 

Offce Book for Meehanioal Engineers. 

THE MECHANICAL ENGINEERS REFERENCE BOOK, for 
Machine and Boiler Conilruction. In Two Parts. Part I. Genef.al Engineering 
Data. Fart II. Boilek Construction. With 48 Plates and numerous IlluS' 
trationi. By Nelson Folev, M.I.N.A. Folio, half-bound. Price ^5 S^. 

[Ntariy rtady. 

Coal and Speed Tables. 

A POCKET BOOK OF COAL AND SPEED TA BLES, for Engineer 

and Steam-users. By Nelson Foley, Author of " Boiler Constractiotk" Pocket- 
size, 31. 6t/. cloth ; 4J. teaifaer. 
" Thoe table* are deufBed to meet tbe mgDirementi of ercty-dav 11K : they art ol luffiQint Kopa 
for noai practical purpotei. and may be commeDded to cnfinetn and uKn of iicun.*' — Irait. 

" Tbu pockei-booL wbIT meriii the atieDiion of the practical eDffineer. Mr. Koley hat compiled a 
very luclul Kt of tablet, the infornudoD contained in which i:i freqgcntly nquired by enffineerl, coal 
couumert, aad men of ueam."— /m ami Ccal TraJtj Rnin. 

Fire Engineering. 

FIRES. FIRE-ENGINES, AND FIRE-BRIGADES. With a History 

of Fire- Engines, their Construction, Use, and Management ; Remarks on Fire-Proof 
Baildinn, and the Preservation of Life from Fire ; Statistics of the Fire Amiliancei 
in English Towns ; Foreign Fire Systems ; Hints on Fire-Brigades, &c. &c. By 
Charles F. T. Young, C.E. With numerous Illustrations, 544 pp., demy Svo, 
£1 41. cloth. 

"To such of oar readera ai are inleniled in Iha nil|(ect of liret and fire apparatui, we uui moil 
heatlily comnaad ihii Inoh. It ii really the only Ee(li>h wurk we now have upon the tabject." — 

'* It diaplaya ouch evidence of careful reiearch. and Mr. Younf bai put hit fact! neatly together. 

Hit acinainianca with the practical dcttili of thcconuniction of twain finanainH, old and new, and 
the conditiena with which it it necetaary they abould comply, It accurate and t>iU7'—Eifautr. 

Estimating for Engineering Work, &o. 

ENGINEERING ESTIMATES, COSTS AND ACCOUNTS: A 
Guide to Commercial' Eagineerine. With numerous Eismplei of Estitnates and 
Costs of MillwriRbt Work, MisceUaneous Productions, Steam Engines and Steam 
Boilers ; and a Section on the Preparation of Costs Accounts. By A Genehai. 
Manager. Demy Svo, ij/. cloth, [futt fuhliikid. 

■' This it an aicellam aad vary naefal book, ooverinx mbjocl-tnatler In eontCant raqnitliion In 

•very bclory and workihcp Tba twok It invaluable, not only to the yonof anilDeer, but 

alao to the ettlmata deparuoant of evai> woiki "—BuxUtr. 

" Thit book baan on every page evidence that it hat been prepared by an enabeer accailomsd 
ID tlie work, and it no mere compilallon, but coniaiat ■ maia ol valuable ioforniation of ■ kind 
nsafnl oven 10 expeilonced engineera"— /"rariifflj Rnrinetr. 

" We accord the trdrk nnqnaUBed pnlsa. The information la given in a pUin, ttralght forward 
pianoer, and baait throuEhoot evidence of the Inlimala practical acquaintance of the author with 
avary phrtae of commtldtl engineering."— if ([JkaaieoJ World. 
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THE POPULAR WORKS OF MICHAEL REYNOLDS 

("The Engine Driver's Friend"), 
Looomotiue-Engine Driving. 

LOCOMOTJVE-ENGINE DRIVING: A Practical Manual for En- 
giniers in charge ej Locomelive Engiiits. By Michael Revnolus, Member of tiie 
Society of Engineers, formerly Locomotive Inspeclor, L B. and S. C. R. Eighth 
Edition. Including a Key TO the Locomotive Ekgihe, With III nstrations and 
Portrait of Author. Crown Svo, 4J. 61/. clotli. 

" Mr, Reynold! has lupplied a waDE^ And hu Buppljed It wdl. We CBQ i:flDfideDt]y TccammRid ihfl 
book vol only id ib« pnciicaJ driver, buL to everyone who tBltes ui inuic&t in the peifofmadce of loco- 

"Mr. Ref'noldibu e'pn^'a new chapter in ilie liieniure of the dav. Thi( admiiable practical 
UciiIk, of the pndical utilily of wEuch we have to tpeak in leriss of warm commenilaiioii."— ^MAinnii. 

" Erideeily the woiknf one who knows hiimbjecl liiai<y\^\y."~RaUioa]t Smici Caulu. 

"Were lbs caution! and mlei given in [be book loliecoinB pan of the every- day working of our 
entlnc-driven, we micht have fewer diureuinit accidenu to deplore.''^atiiiu]i. 

Stationary Engine Driving. 

STATIONARY ENGINE DRIVING: A Practical Manual for En- 
ti'nars in Charge of Stationary Etigina, By MICHAEL Reynolds, Fourth 
Edition, Enlarged. With Plates and Woodcuts. Crown Svo, 4J. kd. cloth. 
"The author it thoroughly acquainted with hii lubjects, and his advice on Ibe \ax\oai, poiiiis treated 

ii dear and pricticat He hu produced a nianuil which i> aa caccedinGly luelul one for [he 

clai! tor whom it is tpecially intended."— fi^^ntiTf. 

experience with boiler! and engines before he can be trusted to look after tiiem." — Englith MtcAnjiic. 

The Engineer, Fireman, and Engine-Boy. 

THE MODEL LOCOMOTIVE ENGINEER. FIREMAN, AND 
ENGINE-BOY. ComprisingaHistoricalNoticeoflhe Pioneer Locomotive Engines 
uid their Inventors. By Michael Reynolds. With numerous lllustmlioos, 
and a fine Portrait of George Stephepson. Crown Svo, 4J. (ni. cloth. 
" Proin the technical knowledge of the author, it inti appeal 10 the rail way man of iD.day more roreibl* 

than anything written by Dr. Smln Tbe volume contain infoimation of a technical kind, 

and facH [hat every diii-er ihould be familiar wiih."-£»ffijA Miclumlc. 

** We should be glad to see Ibis book in the possession of everyone in the kingdom who has ever 

laid, or b to lay, hands on a locomotive engbe." — Iron. 

Continuous Railway Bralies. 

CONTINUOUS RAILWAY BRAKES: A Practical Treatise on tht 
sivcral Systtmi in Use in the United Kingdom ; their Conslructisn and Perferm' 
once, Wittk copious lUnstrations and numerous Tables. By MiCHA£L Reynolds. 
Large crown Svo, 9/. cloth. 
"A papular esplatiatiou of the different brake!. It will be of great ni^sislance in formlnE public 

□pinion, and will be studied with benefit by tiiose who take an interest in the brake."^£^^rj4 Ittechanie. 

parti of each particular brake to be readily graaped." — MtthaitiaU it'et^ 

Engine-Drloing Life. 

ENGINE-DRIVING LIFE: Stirring Aiiventures and Incidents in the 
Lives of Locomotive Engine- Drivers. By Michael Kevkolds. Second 
Edition, with additional Chapters. Crown 8vo, 21. clolh. 
"From iir« to laii perftqtiy fascinating. Wilkie (DoIliBi'i most thrilling eoncepiion-> »re [lirown into 
(hethade by true incidents, endless in their vanely, related in every page/' — t^'ert* British Mail. 

"Anyone who wishes to get a real inught into railway life cannot do Ifettcr than read ' Engine- 
DrivbigUre'lorhimseir.anJifheoncetaEesit up be will lind that the author's eh thu.iaim and real 

Pocket Companion for Enginemen. 

THE ENGINEMAN'S POCKET COMPANION and Practical 
Ediualar far Enginemen, Bailer Attendanti, and Miclianics. By Michael Rey- 
nolds. With t'orlj'five Illustrations and numerous Diagrams. Second Edition, 
Revised. Royal iSrao, jr. bd. strongly bound for pocket vieai. 
" Thii admirable work is well suited to accotnplish its object, being the honest workmanship ol a 
competent eu^neer." — Glia^vj Hrrald, 






ily callina would recuire."— r,(< MOItr. 



CIVIL ENGINEERING, SURVEYING. &v. 7 

french-Engliah Qlossary for Engineers, &o. 

A POCKET GLOSSARY OF TECHNICAL TERMS: ENGLISH- 
FRENCH, FRENCH-ENGLISH ; with Tables suilible foe the Architectutnl. 
EngineeriDg, Manufaclu ring and Nautical Prafessiotis, ByJOHN jAMES FtBTCHEB, 
Engineer and Surveyor ; 2C» pp. Waistcoat-pocket aiie, u. bd. limp leather, 
" It ounht certMaly to be ia the waiitcoal-pockiet of t»«y prof«»ioiMj man.'— /ron. 

It 19 a very freaLadvutlagc for FCBdFT3and comspgodenis in Fahco aod Eiiitluid to hive to 

1^^' anuiaberof the words rclaiLoif to ergineering and majiufacFUTen coUcoted in a LUiputian volume. 

The liule boolt will be uieful both to ttudcnts and travel l«r»."—^™*ii'K-/. 

" The EloHarr of tenu ii very campleie. and many of Ibe Tahlei are new and well urangoJ. 

Ws eordiaUy commend the book."— J/ic^tjuifo/ IVartJ. 

Portable Engines. 

THE PORTABLE ENGINE; ITS CONSTRUCTION AND 

MANAGEMENT: A Practical Matiual for Owners and Users of Steam Engine* 
generally. By William Dyso.v Wansbrough. With 90 Illusira.tioti3. Crown 
8vo, y. bd. cloth. 
" ThLi i> a worlt of value lotho«;whou« steam mjchinery. . . . ShonlJ be read hy ever/ one 

'* We cordially commend this worW 10 buyenand owners of tteam engines, and to those who have to 
do with their coutniction or tac!'—Timb<r Tradt! Jn'-ni. 

" Such a (eoeral knowledge oCihe iluin-eTi|;ine as Mr. Wansbrough furnishes to the reader should 
be scquirtd by all intelligent owners and nthers who use the Ueim engine."^ ilniJi/iHr Ntaj, 

"An eaceltent text-book of this useful form of engine, which descnbei with all necessary minutenow 



'—Eitilui Mtctaaic. 



CIVXL BNOINEEBING, SUBVEYINO, etc. 



MR. HUMBER'8 IMPORTANT ENGiNEERlNQ BOOKS. 
The Water-Supply of Cities and Towns. 

A COMPREHENSIVE TREATISE ON THE WATER-SUPPLY 
OF CITIES AND TOWNS. By William Hiiubkr, A-M, Inst. C.E., and 
M. lD5t. M.E., Amhor of "Cast and Wrought Iron Bridge Construction," &c. &c 
Illustrated with 50 Double Plates, i Single Plate, Coloured Frontispiece, and up- 
wards of 250 Woodcuts, and containing 400 pages of Teat. Imp, 4I0, £(i 6s. 
elegantly and substantially half-bound ia morocco. 
List of Contents. 



1. Kiitoriol Sketch of some of themeaaslhu 




have been ^lopted for the Supply of Water >o 


ofWaier.- XIV. Meters. Service ISpes.andHoUHi 


Uiiies and Town,.-lI. Water and the Foreign 
Mxler usnallv asuciated with iL-IIl. RainSll 
nd Evaporation.-^IV, Spring) ai>d the waler- 


Fittiogs.-XV. The Law and Economy of Water 


XVII Description orPlatci-— Appendices giving 


Tables of Rates of Supply, Veloeilies. &c. ,&c.. 






VI. On the SeleCLion ef the Source of Supply.— 


triied. among which will be found; Aberdeen, 


VII, Welk-VIIl. Re>ervoirt.-IX. The fori- 




cation of Waler.-X. Puinpi.-XI. Pumping 


Rotbetham, Dublin, and others. 


'■The moit .yttemalic and valuable work uiMi. » 










f EJjglish technical lri.at«i."-!E-,rA.«r. _ 






tubjeci so important ai the water supply of cities 


and towosf The plates, fiftv in number, an mostly 


rawiogi of i«cuied worlig. and alone would have 




praeiic* may lie in ihii branch of the profesiion."— 


B^iJ^. 



Cast and Wrought Iron Bridge Construction. 

A COMPLETE AND PRACTICAL TREATISE ON CAST AND 
WROUGHT IRON BRIDGE CONSTRUCTION, includlns; Iron Foutviaiiont. 
In Three Pails— Thcorelical, Practical, and Descriptive. By William Humber, 
A-M. Inst. C.E., and M. Inst. JI.E. Third Edition, revised and mach improved, 
with 1 15 Double Plates (zo of which now first appear in this edition), and numeroui 
Atiditions to the Text. In 3 vols., imp. 410, £t its. dd. half-bound in morocco. 
" A very Taltuble conirihution ID the standard literature of civil en^neering. Inaddition to elevationi, 

p'ani, and sections, largeicaledetailsaregiven, which very much enhance the iosmictlve worth of thoM 

illutiraiiqos."— C«--V Enriiuir im4 A tckilteft Jnirwal. 

"Ht. Humber's stateTy velumes, lately isHied— in which the most impoTianl bridges erected durtni 
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MS. NUMBER'S GREAT WORK OH KODERN ENQINEERINQ. 

COiupletein Foot Volames, imperial 410, price j£i2 tit., tuir-marocco. Each volume 
sold separatelj as follows : — 

A RECORD OF THE PROGRESS OF MODERN ENGINEERING. 
FlKST Series. Comprising Civil, Mechanical, Marine, Hrdraiilic, Railway, 
Bridge, and olher Engineering Works, &c By William Hlimber, A-M. Insl. 
C.E., &c. Imp. 4I0, with 36 Doable Plaiea, dmwn lo a large scale. Photographic 
Portrait of John Havkshaw, C.E., F.R.S.,&c., and copioos descriptive Letterpremr 
SpeciGcationt, &c., £3 31. half-morocco. 

List or thb Plates and Diagrams. 

Victoria Suiion ipi It»r, L. B. ft S. C R. | Rhcniih Rail (1 plats} : Bnd^ orer ths Thimri, 

SB plat«) : Snuthpon Pier (1 plato) : Vietnri» Wea Lnndon Eiuiuioa RiilwaT (S_ pl«=») 1 
iuiioD and Rool^ L. C. & D. ud G. W. K. {6 Armmir PJalu : Siupcniion BridEo, Thama (t 
piRia): Rwr ofCnmonie Uuiic Hull! UtidRO pUt«);Tlic Allen EDginej Suspeniloa Bridsc. 
o.er G. N. RailwaT 1 Rwf of Suiioo, Dutch I Avaii (,plau>) : UodcrgnHiiid Railwar (3pliiaX 
*'flbAdtoindTlithDKnpheil and printed. It will find favour wtth nuny who dearo to pic«itc m * 
pemaaeht form copict of the plans and «p«cificatiopi prcparod for the guiduice of tlie conuscton for 
inuiT importuit visbeenna worlu." — Eugirutr. 

NUMBER'S RECORD OF MODERN ENGINEERING. Second 
Series. Imp, 410, with 36 Double Plates, Photographic Poitrait ol Robert 
Stephenson, C.E., M.P., F.K.S., &c, and copious d«criptive Letterpress, Specie 
Gcations, &c.,^3 y. balf-moiocco. 

List ov the Plates and Diagrams. 

Birk«nhe*dDocki,I.owWaterBiuin lispliiei): 1 Ehhw Viidutt, Merthyr, Tredepr, and Ab«r- 
Cbuing CiMi Sitiion Roof, C. U. Rulwiy (j bivcdo. Riilv.y; Collega Wood Viiduct. Coi>- 
plitei) ; Digiwell \iiiaa, Greii Northern lUil- wall RiuI»it ■. bublin Winter Pilace Raei (3 
wit; Robbery Wood Viaduct, Great Northern plates]; Bridge over the Thamu. L. C and DT 
Kiilny: Iron PernaneniWayiClydach Viaduct. Railway (6 plaiu) ; Albert Harbour, Onenock 
Mcithyr, Tredegar, and Abergavenny RaiLway ; J {4 ptatea). 

" Mr. Humher hai don the prolenoD good and true lervCce, bv iJmi fine collection of eaamplea he hat 
hers brought befoie the pnleuion and (he public"— /"mcricnf lUiciaiac'i 7mnu/. 

HUMBER'S RECORD OF MODERN ENGINEERING. THIRD 
Series. Imp. 410, with 40 Double Pktes, Photographic Portrait of J. R. M'Clean, 
late Prei. Inst, C.E., and copious descriptive Letterpress, Specifications, &c.,^33r. 
balf-morocco. 

List of the Flates and Diagrams. 

Maim DajtiHAca, Mithopoli!).— A'»-(A Siilt. 
— Map ^owinit Innrceplion of Seven; Middli 
Level Sewer (e plawi) : Ouirall Seoir, Biidgt 
over River Lea (a platetl: OuiWI Sewer, Bridgt 
over Uanh Une, North Woolwich Riilwav, anc! 
-■ and Barking Railway junction ; Ottfal 



(t |4at»] ; Outfall Sewer, Reservoir and Onlkt 
j. platet) ; OutfaU Sewer, Filih Hoist; Sectiou 
of Sewen (North and Sooth Sidee). 

I'M* Mas EMaAMKHaHT.— Section of RiverWall ; 
Sleambral Ker, WetininilEr (epiaiei); Landing 
Stain between Charing Ctou and WiieHoe 
Bridget : York Gate (i plaiei) ; Overflow and 
Outlet at Savoy Street Sewer (} ntalri] ; Siewa- 

of Sewen, Plant anil Seciioni : Gulliei, Plaot, 
and SecIioDS ; Rolling Stock ; Granite and Iron 



Sewer, Bridge over Bow and Barking Rii! 
plaits) lOuifall Sewer, Bridge over £ait 1 
Waterworks- Feeder (> plaiei); Out^ll 
Reservoir (i plaie.) : OulUI Sewer, Tumbling 
Day and Outlet ; Outfall Sewer, Penatocka. 
Snilk .S/n!^,— Outfall Sewer, Bennandier Bnuch 

lions of the two great vrorki cimed out by our Metropolitan Board wiUobuiD Mn Uiunber'a 

HUMBER'S RECORD OF MODERN ENGINEERING. Four™ 
Series. Imp. 410, with 36 Double Plaies, Photographic Portrait of John Fowler, 
late Pres, Insl. C.E., and copious descriptive l-elterpres«, Spedliealions, &c., dv. 
half-morocco. 

List of the Plates and Diagrams. 

Apparatus for Mesopotamia j Viaduct over 
iverWye, UidUnd Kailway (3 plare<' ~ 



Abbey Mills Pumping Slalion, Maio Drainage, 
Metropolis \^ plates) ; Barrow Docks (5 plates) ; 
Manquia Viaduct, SaniiagD aodValparuso Rail- 
way (s plates); Adam's Lococaoiit '^ -■ ■ - 



Railway (a platea)_: Cat 
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MR. NUMBER'S EHQINEERINQ BOOKS-tmtinued. 
Strains, Oaloulathn of. 

A HANDY BOOK FOR THE CALCULATION OF STRAINS IN 
GIRDERS AND SIMILAR STRUCTURES, AND THEIR STRBNGIII. 
Consisting or Fonnulx and Correspondiog Diagrams, wiih numeroua details Tor 
Practical Application, &c. By William Humrer, A-M. Inst. C.E., &c. Fourth 
Edition. Crown 8vo, with nearljr too Woodcuts anil 3 Pla.tes, 7^, (>d. doth. 

"Tho fonnuLv arc neaeLy fupnuad. andllu didHAau ^auA^-^AtliBiaitm- 

' We hnnity commmd ihii rcall/ tumiljt bnoE in our cDfiDcir ud ■rchiiect nM/iat^—RntlUk 

Barlow's Strsngth of Materials, enlarged by Humber. 

A TREATISE ON THE STRENGTH OF MATERIALS; with 
Rules for Application in Architecture, the Construction of Suspension Bridges, 
Railways, &c. By Peter Baklow, F.R.S. A New Edition, revised by hi* 
Sons, P. W. Barlow, F.R.S., and W. H. Barlow, F.RS.; to which are adde.1, 
Eiperimenls by HoDOKtNSON, Fairbairn, and KirkaldV ; and Formulte for 
Calculating Girders, &c. Arranged and Edited by Wm. Humeer, A-M. Insl. C.E. 
Demy 8vo, 400 pp., with 19 large Plates and numerous Woodcuts, iSx. clotb. 

iriicuftr subject,'*'— j«?(i«r. 
Ui» Nrwu 

_ . , .. a faRmun place on llic booUiclfCt of titrj 

a aod pncdcal nschanic."— fiv'u* Midumic. 



Trigonometrical Saraeging. 

AN OUTLINE OF THE METHOD OF CONDUCTING A TRIGO- 
NOMETRICAL SURVEy.fBrtheFermatieRpf Ctographieatand Topefrafhical 
Mafi and Plans, Military RicanHaiisaHee, Levetling, Sr-c., with Usefuf Problems 
Formulae, and Tables. By Li eat. -General Frome, R.E, Fourth Edition, Renised 
and partly Re-written by Mijor-Ceneral Sir .Charle.-! Wasren, G.C.M.G., R.E. 
With 19 Plates and 115 Woodcuts, royal Svo, 16/. clolh. 
" The liinpie faci that a fonnli edition hu t»eD called for in the bcB tetllnoD; to in merin. No 

Sir ChuIeiWamiihai reviled ihceaiire work, and made luch aJdiiicu u were neceuargr to b^iig ererjr 
pooioo of the conienia up tg the preient dtu."—B7V<ul Arrffw. 

Field fortifioation. 

A TREATISE ON FIELD FORTIFICATION, THE ATTACH 
OR FORTRESSES, MILITARY MINING, AND RECONNOITRING. 
By Colonel I. S. Macaulay, late Professor of Fortification in the R.M.A., Wool- 
wich. Sixth Edition, crown Svo, cloth, with separate Atlas of 11 Plates, 121. 

Qbliqus Bridges. 

A PRACTICAL AND THEORETICAL ESSA Y ON OBLIQUE 
BRIDGES. With 13 large Plates. By the late George Watson Buck, M.I.C.E, 
TLird Edition, revised by his Son, J, H. Watsos Buck, M.I.C.E,; and with the 
addition of Description to Diagrams for F&ciliiating the Constradion of Oblique 
Bridges, by W. H. Barlow, M.I.C.E. Royal 8to, 121. cloth. 
' "Theitudvd text-txiokrorallenEineenresardiDcikeirHchtili Mr. Buck'i tmtue, ud It voiU 

be impouible lo coouilt a '\xtta."—E%pKttr. 

"Mr. Buck'! liealiieureeiiciiiieiIaaaiaiidardtEit-book,irdhb treatment hudiTOModlheiublict 

of many al the iotricadei lUDpoHd to belonc ta ii. Ai ■ (uide to the Enfineei ud aichilect, oa ■ 

conlcuedly difficult luhjcct, Ur. Bock'i work uunnrpuwl."— AnZ/iti'itf Jk-niu. 

Wattr Storage, Conoeyame and Utilisation. 

IVATER ENGINEERING: A Practical Treatise on the Measurementr 
Storage, Conveyance and Utilisation of Water for the Supply of Towns, for Mill 
Power, and for other Purposes. By Charles Slaqo, Water and Drainai;e 
Enetneer, A.M. Inst.C.E., Author of " Sanitary Work in the Smaller Towns, and 
in Villages," &c. With numerous Illustrations. Crown Svo, js. 6d. doth, 

"Tlie anlhor has colUled the ruolu d'ednceJfromiha eiHrlmoDts of the most amiaeac 
aothoritiei, and hu preeented ihoio [n a compicl ud practiut forip, accompanied by very clear 
■Bd detailed elplanallons. . . . The appllcBtlon of walel ai a motive power is trealod Tsry carstully 
aod eih>nitivel>.-'-fiiRUir. 

.■■ForujoiMwhodeiireiiobeiiin iheitiidyof hjd rani lei wltb a eonsidacatlon of ttia practical 
■ppllcatiosa of the scitDc* there ii no better gaide,"—^KJt>Uct. 



■o CROSBY LOCKWOOD *• SOITS CATALOGUE. 

Statics, Graphic and Anaiytio. 

GRAPHIC AND ANALYTIC STATICS, «« their PractUi^ Applica- 
tion to tlu Trtatmtnt of Strasa in Roofs, SeBd Cirdtrt, Lattice, Bswttring, and 
Suspfmion Bridges, Braced Iron Archa and Piers, andcther Frameietrks. By 
R, HUDSON Gkakau, C.E. Contiining Diagrams «nd Plates to Scale. With 
numerous Examples, many taken from existing Stracture;:. Specially arranged 
for Class-work in Colleges aod Universities. Second Edition, Revised and En- 
larged. 8vo, i6j, doth. 
" Mr. Grahdm'g book "BiiLl find a place vhercver gnpbic Kod ■lulytic AZadcfl Bjv lued or flludied."^ 

"The work in excellent fropi a pnclEcal paiiil of view, and hu evldeattv been prepared with much 
rare. The direcdoM for vrorkiai ate ample, aad are iiiuilniled br an abundanco of ~-ll-«'lf««a 
eiainples. li u in eicellenl tMI-book for the practical dnuihuou 



Student's Text-Book on Surueying. 

PRACTICAL SURVEYING: A Text-Book for Students preparing for 

Examinations or for Survey-work in the Colonies. By Gbokge W. Usill, 

A.M.I,C.E., Author of "The Statistics of the Water Supply of Great Britain." 

With 4 Lithographic Flutes and upwards of 330; Illustrations. Second Edition, 

Revised. Crown 8vo, •}!. 6d. cloth. \Jusl publislicd. 

'■The best forms of iDttmmeots are described si to their conitmction, nse« and model of 

emplojaieot, and ihere are ipnumerable binls on work and equipmeni auch as the author, in bit 

ciperience a> surveyor, draughtsman and teacher, has found necessary, and vrhich [hs siudeniin 

bis inc.ptrience "ill find mosl serviceable."— Eneiuftr. 

"The latest treatise io the Enilisb laniuage □□ surveying, and we have no besitaiionlo saving 
4bat the student will find it a better euide than any □( its predecessors. . . . Deserves to ba recog- 
nised as Ibe first book which should be put in tbe hands of a pupil of Civil EoRineerinK. and every 
tentlemaQ of educaUon who seta out lor the Colonies would find it wall to have a copy.''— 

" A very useful, practical handbooli on field piacliee. Clear, accurate and not too condensed."— 

Survey Practice. 

AID TO SURVEY PRA CTICE : for Reference in Surveying, Levelling, 
and Silting-gut; and in Route Surveys i/f Travellers by Land and Sea. With 
Tables, Illustrations, and Records. Ey Lowis D'A, Jackson, A.M.I.CE., 
Author of "Hydraulic Manual," "Modem Metrology," &c. Second Edition, 
Enlarged. Large crown 3vo, 12s. &d. cloth. 

"Ai a lexl-book we should advise all lurveyon to place it in thor lihiariei, and study well tbe 
matured instmcIion<aBbrded in in pages." — CsUiiry CuardioH. 

■l^e nuihcr bring* to his work a fortunateunioaof theory and practical experience wliichj aided by 

Surveying, Land and f/arine. 

LAND AND MARINE SURVEYING, in Reference to the Prepara- 
tion of Plans for Roads and Railways ; Canals, Bivers, Towns' Water Supplies ; 
Docks and Harbottrs. With Description and Use of Surveying Instruments. By 
,W. Davis Haskoll, C.E., Author of " Btidge and Viaduct Construction," &c. 
Second Edition, Revised, with Additions. Large crown 8va, 9J, ckith. 

feeling asiuted that it will more than repay a careful'study."— J/«*«(ica/ World. 

■ caRfu11y-writteo''a^v*Tuablete>i-book. It enjoyi'a we1l-deiet<ed'repuleainiH>KTurveyors."-£-iV<i^'' 

all students vho aspire to become clean and eapert surveyDrs.".^^£fB/jB|' y^uritaL 

Tunnelling. 

PRACTICAL TUNNELLING. Explaining in detail the Set ting- out of 

the works. Shaft-sinking and Heading-driving, Ranging the Lines and Levelling 
tinder Ground, Sub- Excavating, Timbering, and the Constructioa of the Brickwork 
of Tunnels, with the amount of Labour required for, and the Cost of, the variotis 
portions of the work. By Frederick W. Simmb, F.U.S.. M. Inst. C.E. TbitH 
Edition, Revised and Ewended by D. Kinnear Clark, M.Inst. C.E. Imp. 8vo, 
with 31 Folding Plates and nttmerous Wood Engravings, 301. cloth. 

"The eslimatlon in which Mr. Simms'i book sniunnelling has lieen held for over thltty yean caniwiC 
be more tnily eapreised Chan in the wordi of the late Professor Rankine i~'The best source of mfomu- 
Iion on the subject nf tunnels is Mr. F. W, Slixms's work on Practical TunncUing."'— .^rc'd'/K'f. 

" It has beearvjEarded frotn thelintaiateii book of (he subject . , . Mr. Clark hu added 
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Levelling. 

A TREATISE ON THE PRINCIPLES AND PRACTICE OF 
LEVELLING, Showing its Appliealion to purposes of Railway and Civil Engineer- 
ing in ilie Construction of Roads ; with Mr. Telford's Kates for the same. Bjr 
Frederick W. SIMMS, F.G.S., M. Inst. C.E. Seventh Edition, withtheaddiiion of 
Law's Practical Examples for SeWing-out Rnilway Curves, and Trautwine's Field 
Practice of Laying-out Circular Carves. With 7 Plalea and nurrterous Woodcuts, 
8vo, &t. dd. cloth. ",• Trautwine oc Curves may be had separate, Jj. 

" The publlthin have rendered a lutauntial service to ihe profeuion, eipecLally lo the youncec 

Heat, Expansion by. 

EXPANSION OF STRUCTURES BY HEAT. By JOHN KeilY, 
C.E., late of the Indian Public Worksand Victorian Railway Uepartments. Crown 
Siro, 31, 6J. cloth. 

Summary of Contests. 
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«clion V.-Th«bai. CONOUCTIVITV. S«uoa IX.-M.so«ii 


ST.UCTO 


"TheaB.[heauthofh««.l«fo«hiB..»..., losh™ ihe elTeci ot hea 






jig^eTw 


findbul liUle ceJiable and comprehtiuivg d»a in booki.-— flHi/*f. 




ion bridge, uid [be Uke could not do b«l« ihu codmit Mr. K<£y'. valu^bi 




and bandy 







Practical Mathematiog. 

MATHEMATICS FOR PRACTICAL MEN: Being a Common-place 
Book of Pure and Mixed Mathematics. Designed chiefly for ihe Use of Civil 
Engineers, Architects and Surveyors. ByOuNTHUS Grkoory, LL.D., F.H.A.S., 
Enlarged by Hknry Law, C.E. Fourth Ed., carefully revised by J. R. Young, 
formerly Professor of Mathetnatics, Belfast College. With 13 Plates, Svo, £1 a. cloth. 
, " The engineer or architKI will hen find readv m hi> hnnd nil« for tdnng neirlT e'ery m:itheiaatical 

tiydraulio Tables. 

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULAS for 

Finding the Diicluirg4 oj Water from Orifiees, NoUhes, Weirs, Piper, and Rivers. 
With New Formulae, Tables, and General Information on Rain-fall, Catchment- 
Basins, DrflinaRC, Sewrerage, Water Supply for Towns and Mill Power. By John 
Neville, Civil Engineer, M.R.I. A. Third Edition, carefully revised, with con- 
tiderable Additions. Numerous Itlustralions. Crown 8vo, 14/. cloth. 



u of Bucceuliilly carrying 01 



diipliyedbomfimto'iiul, tba book willbeTouDd to be so acquiiition."— ^>ir,U«i:(. 

Hydraulics. 

HYDRAULIC MANUAL. Consisting of Working Tables and Explana- 
tory Text. Intended as a Guide in Hydraulic C^lculalions and Field Operalioas. 
By Lowis D'A. Jackson, Author of "Aid to Survey Practice," ''Modem 
Metrology," &c. Fourth Edition. Enlarged- Large crown 8vo, lbs. cloth. 
^'TheaudiorhaA hjda wideexperiencejn hvdrauUcengineeting and hai been a carcfut observer of 
the txat whLcb have come under hi j uolice, aad from the greet rnau of matenal at bis command he hai 
anual which may be accepted ag a Lru&tVDrihy gui< 



IJ CROSBY LOCKWOOD 6* SON'S CATALOGUE. 

Drainage. 

ON THE DRAINAGE OF LANDS, TOWNS AND BUILDINGS. 
By G. D. Dbmfsev, C. E., Author o[ "The Practical Railwny Engineer," Ac. 
Revised, with large Additions on Recent Practice ik Diainage Ekgikierihc, 
ty D. KlNNHAX ClAKk, M.Inst. C.E., Autbor of "Tramways: their Constnic- 
tian and WorkiDg," " A Manual or Rults, Tables, and Data for Mechanical 
Engineers," &c. Second Edition, Corrected. Fcap. 8*0, 51. cloth, [yusi pKhlishid. 

"Tbe pew mHllcr added la Mr. DompieT'l excellent wqHc ii charmeriied ^ 
irup and accurac/ of deuil for which EBi nun* of Mc. D, K. Unrli ii a 

uBeadedlo 



Tramways and their Working. 

TRAMIVAYS: Thar CONSTRUCTION and WORKING. Embracing 
a Comprehensive History of the System ; with an exhaustive Analysis of the Various 
Modes of Traction, including >{orse Power, Steam, Heated Water, and Compresseil 
Air ; a Description o( the Varieties of Rolling Stock ; and ample Details of Cosl 
and Working Expeosca ; the Prt^resi recently made in Tramway Construction, Sic 
&c. By D. Kikneak Clakk, M.Inst. C.E. With over zoo Wood Engraviogs, 
and 13 Folding Plates, Two Vols. LaiK^ crown 8vo, 301, cloth. 

work * Railway Machinery.* " — EngiKwr, 

"An cihaufliTe and practical work Dd tram*ayi, Lo which the hiitnry of this kind of lDcomDtton,jUMl 
a ducriHino nod oat oF the varioui moda of laTUig inoiivayi. anlo b« Found. "—AioViA'iir Nrmi. 

" The belt form of raili, Ihe belt mole nf cnnitruclion, and Uie belt mechanial apptiancet, are (o 

at once to obuin the pradiul infonnation whicti will be of mou utvice to hia."— .dlitfiunae. 

Oblique Arches. 

A PRACTICAL TREATISE ON THE CONSTRUCTION OF 
OBLIQUE ARCHES. By John Hart. Third Edition, with Plates. Impoial 
Svo, 8.1. cloth. 

Curves, Tables for SeWng-out 

TABLES OF TANGENTIAL ANCLES AND MULTIPLES FOR 
SETTING-OUT CUR YES /mm 5 la too Radiui. By ALEXAOnER Beazelkv, 
M.Inst,C.E. Third Edition. Printed on 48 Cards, and sold in a cloth bon, 
waistcoat -pocket size, 31, 6J, 
" Each table u primed on a small card, which, being placed on the theodolite, leairea the handi fie* 

"Very handy t a man may know that all hil day'a work mutt f^enlwoofthae cvita, which fae put* 
into hii own card-caie, atid leairei Lhc rear behind."— jl^J^fuvaa. 

Earthwork. 

EARTHWORK TABLES. Showing the Contents in Cubic Yards of 

Embankments, Cuttings, &c, of Heights or Depths a p to an averse orSoCeet. By 
Joseph BRtJADBENT.C.E., and Francis Campik, C.E. Crown Sva, 51. cloih. 

Tunnel Shafts. 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS. A PracH- 
(aland TAttretical Etiay. By J. H. Watson Buck, M. Insi. C.E., Resident 
Engineer, London and North-Westem Railway. Illustrated with Folding Plates, 
royal 8vo, lu. cloth. 
" Manv of the uethodi glTcn are of eitnm* practical value to Ihe ma»D, and the otntmiioni on 

conDderable uie.' We commend the°t»ok to the enginaerini pr°fcu'i°n'"-/i"^^'V JVrtM. 

" WitI b« ngirded by civil encineen a> of the utmoti value, and calculated to nve much time and 
obriale many miuakei."--CeU(>7 Ci4ardiait. 

Girders, Strength of. 

GRAPHIC TABLE FOR FACILITATING THE COMPUTATION 
OF THE tVEIGUTS OF WROUCHT IRON AND STEEL GIRDERS, <&v.. 
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Siuer Engineering. 

RIVER BARS: The Causes of their FormaHon, and thur Treaimeni by 
"Indiutd TiJul Scour;" with a. Description of the Sncccnful Reduction bj this 
Method of the Bar at Dabliit. By I. J. Mann, Assist. Eng. to the Duhlio Port 
atid Docks Board. Royal Sro, •]!. 6d. doth. 

^' Wc nGomnuDd all intaroted in h]irt»iir worki — aad. indeed, cboH oncenMd in tfio impnivemeats 
4f rivers goaoiill J — lonadMr- Uuui'i iotmitiiif work oa Che treaLmant of river bus." — Em^uutr. 

Trusses. 

TRUSSES OF WOOD ANDIRON. Practical ApfiUcaiiofts of Science 
in Deltrmining the Stressti, Breaking Wii^kts, Saft Leads, Scantlings, and Dtlails 
of Conslniclion. With Complete WorkinB Drawines. By William GKirFiTHS, 
Surveyor, Assistant Master, Tranmcre School of Science and Ait. Oblong Sro, 

41. (td. cloth. 



"TMi handy litlle book enten to minuulir iatii evoy detail connected with tbe coniliuetiaB oC roof 

Railway Working. 

SAFE RAILIVAY WORKING. A Treatise on Railway Accidents : 

T^ir Cause and Prevention; uiitA a Description ef Modern Appliances and Systems. 

By Clement E. Stretton, C. E.,Vice-PresidentaQdCoiiBulung Engineer, Aroalga- 

maled Society of Railway Servants, With Illustrations and Coloured PJaleii. 

. Second Edition, Etilargcd. Crown 8vo, jr. dd. cloth. \Just published. 

OB railway nuUQTi will fi^ ■ p«fect encyclopwdia iD ' Safe Rulv^y Working.' " — Raiiumf Rrvieva. 

code ud practice is ndvoMled."— //mrA"'*'' Railvmy youmnl. 

■*The author msv be coogratulated oo having callecied, in ■ veiy convenient rnrm, much valiul^e 
Infomiation on the pjriocipal guotions affecting ihe aafe workLagof raiTwayi." — RaJitaay Empneir, 

fiel(l-Boof< for Engineers. 

TffE ENGINEER'S, MINING S(/RyEyOR'S,anci CONTRACTOR'S 
FIELD-BOOJC. Consisting of a Series of Tables, with Rules, Explanations of 
Systems, and lue of Theodolite for Traverse Surveying and Plotting the Work with 
minute accuracy by means of Straight Edge and Set Square only ; Levelling with 
the Theodolite, Casting-out and Reducing Levels to Datum, and Flotling Sections 
in the ordinaiT manner ; Setting-out Curves with the Theodolite by Tangential 
Angles and Mulliplcs with Right and Left-hand Readings al the Instrument ; Setting- 
out Curves without Theodolite on the System of Tangential Angles by Sets of Tan- 
gents and OSsets; and Earthwork Tables to 80 feet deep, calculated for every 6 
inches in depth. By W. Davis Haskoll, C.E. With numerous Woodcuts. 
Fourth Edition, Enlarged. Crown 8vo, 12s. cloth. 

tuefid for many other purpoHi, the genuine traverse lablei eaitting alT (he same." — Athemtunt. 

" Every penon ennfed in cngineerinff field operations will «[]niale the importance of vjch a work 
nnd the amnunt of valuable line which will be uved by reference taaiet of reliable lablea prepared 
-with the accuracy and fulness of those given in ihii volume."— ^orVaa^ Nmit. 

Earthwork, Measurement of. 

A MANUAL ON EARTHWORK. By Alex. J. S. Graham, C.E. 
With numerous Diagrams, Second Edition, i8mo, is. dd. cloth. 
'■ A great amoont of practical information very admirably arrsnged, and avaiUble fnr rouf h esliaule^ 

Strains in Ironwork. 

THE STRAINS ON STRUCTURES OF IRONWORK; with Prac 
Ileal Remarks on Iron Construction. By F. W. ShbilDS, M. IdsL CE. Second 
Edition, with 5 Plates, Royal 8to, 5^. cloth. 
" The student cannot find a better litde book en Ihii subject."— fivfunr. 

Cast Iron and other Metals, Strengtfi of. 

A PRACTICAL ESSA Y ON THE STRENGTH OF CAST IRON 
AND OTHER METALS. By THOMAS Trbdgold, C.E. Fifth Edition, in- 
HudiDg Bodukinson's Experimental Researches. 8vo, ia>. cloth. ^.,1 , 
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ABCHITECTUBE, BITZLDIHO, eto. 
Conatruotion. 

THE SCIENCE OF BUILDING: An Elementary Treatise en the 

Prineiplts Bf Construction. By E. Wyndham Tarn, M.A., Arehiiect. Thiid 
Edition, Revised and Enlaiged, with 59 Engravings. Fcap. Svo, 4r. cloth. 

IJttit pMilithed. 

"A very Tillable book, which we ilrongly ridonmitnd 10 nil itiidenti."— £«Vrf«-. 

"No udutcnural Kudent ibould U wiihoui ihit hand-book of coDwiucUDnal knowlcdgE." — 

'Villa Architecture. 

A HANDY BOOK OF VILLA ARCHITECTURE : Being a Series 
of Designs for Villa KesJdences in various Styles. Wiib Outline Specifications and 
Estimates. By C. Wickes, Architect, Author of " The Spires and Towers of 
England," &c. 61 Plates, 4IQ, £1 lU. 6d. half. morocco, gilt edges. 
"The whole of ihe detiBM bear evidtnce of [heir being the worliof an aniitic architect, and they 
will prove very Tiiluable and tagg,<!%tiit."—B<iilJiittNraa. 

Text-Book for Arohitects. 

THE ARCHITECT'S GUIDE: BeinR a Text-book of Useful Irfor- 

molion for Architects, Engineers, Surveyors, Contractors, Clerks of Works, &c, 
&c. By FrsderICK Rogers, Archilccl, Author of "Specifications for Pmctical 
Architecture," &c. Second Edition, Revised and Enlar^iid. With numerous Illus- 
trations. Crown Svo, fn. cloth. 

" As ■ lexl-book of useful infomiiirian for irchilecli. engiaeen, lurveyors, &c., il would be hard 10 
fiod a handler or more conplele linle volume."— .S/dw/nn^. 

" A youne architeci could hardly hive a belter guide-booV."— 7inij(r Trada Jntnal, 

Taylor and Gresg'e Rome. 

THE ARCHITECTURAL ANTIQUITIES OF ROME. By the late 
G. L, Taylor, Esq., F.R.I.B.A., and Edward Crest, Esq. New Edition, 
thoroughly revised by the Rev. Alexander Tavix)r, M.A. (son of the late G. L. 
Taylor, Esq.), Fellow of Queen's Coll^je, Oxford, and Chaplain of Gray's Ina. 
La^efolio, with 130 Plates, half-bound, ^3 3/. 
N.B. — Tkis is tht only book -jshick gives en a large scale, and uiili the fricisiait 

ef arckitictnral measurtment, the frincifol Momtmtnts of Ancient Rome in plan, tiiva- 

lien, and detail. 

"Taylor and Cresy'i work hu from ill liist miblica^on been ranked ameng Iboie profeetonal bixiks 

Ihiny plalei ia Ihii vdume."--if n^Vcrf. 

Arohiteotural Drawing. 

PRACTICAL RULES ON DRAWING, for the Operative Builder- 

and Young Student ia Architecture. By GEORGE PVNB. With I4 Plates, 4to, 
•]!. 6/i. boards. 

Sir William Chambers's Treatise on Cioil Architeoturei 

THE DECORATIVE PART OF CIVIL ARCHITECTURE. Bv 
Sir William Chambers, F.R.S. Wiih Portrait, Illustrations, Notes, and an 
Examination of Grecian Architecture, by Joseph Gwilt, F.S.A. Re- 
vised and Edited by W. H, Leeds, with a Memoir of the Author, 66 Plates, 
4to, au. cloth. 

House Building and Repairing. 

THE HOUSE-OWNER'S ESTIMATOR; or, What will it Cost to 
]luild. Alter, or Repair? A Price Book adapted to the Use of Unprofessional 
People, as well as for the Arrhitcctural Surveyor and Builder. By James D. 
Simon, A. R. I.E. A. Edited and Revised by Francis T. W. Miller, A.R.I. B.A, 
With numerous Illustrations, Fourth Edition, Revised. Crown Svo, 31. 6rf. cloth. 

••In .WQ yean. 1. will repay i« «.« a hundred lima ortr." -Fiiia. 

" A veiybandy boak"~£'>i^A'iA Heciimii. 

Cottages and Villas. 

COUNTRY AND SUBURBAN COTTAGES AND VILLAS.- 
How to Plan and Build Them. Containing 33 Plates, with Introduction, General 
ExpUnations, and Description of each Plate. ByjAHES W. B0GIIE, Architect, 
Author or " Domestic Architecture,'' &c. 4to, lor. 6d. iJoth, \yust pvblisAed. 
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Tho New Builder's Price Book, 1891. 

LOCKWOOD'S BUILDER'S PRICE BOOK FOR 1891. A Com- 
prehenriTC Handbook of the latest Prices and Data for Builders, ArchitectJi, 
Ei^ineera and Contractors. Re-const rue led, Re-writlen and Greatl7 Enlarged. 
By Fbancis T. W. Miller. 640 closely- printed pages, crown Svo, 41. cloth. 

[5«[/ publishfd. 
" Thli book il a teTj msfnl dob, uid abould find i place In every En|llsh office cooiuclpd wllb 
tbfl building add engjoeermic profeui □□«."—/ Hj^uifrvE. 

" Tfaii Price Book bai been *et up In dbw tn>e Advulage bu bgan liken of [he trani- 

trrmation to add much additiooa] iDformilioD, and ibe TDlumo ii doit an eicelleni book of refer- 

" la ill new and miled form this Price Book ii wtaal a work of this kiDd ihosld 



Designing, Measuring, and Valuing, 

THE STUDENT'S GUIDE to ike PRACTICE of MEASURING ana 
VALUING ARTIFICERS' WORKS. ContainingDirectionsforlaking Dimen- 
sions, Abstracting the same, and bringing the Quantities into Bill, with Tables of 
Constants for Valuation of Labour, and for the Calculation of Areas and Solidilies. 
Originally edited by Edwaiu> Dobson, Architect. With Additions on Mensnra- 
lion and Construction, and a New Chapter on Dilapidations, Repairs, and Con- 
tracts, by E. Wyndham Tarn, M.A. Sixth Edition, including a Complete Form 
of a Bill of Quantities. With 8 Plates and 63 Woodculs. Crown Svo, ^s. fuL cloth. 
"Well fulfil, ihe promiie of il. liile.paae, and wt can IhoroughiT rtcommend il 10 Ibeelasifor 
whose uH il hai beea cornpitcd- Mr. Tahi'. adiiJEion. and rvvlaions have mticti incrcaud the useful- 
DOS. of ihe woi-k, and have e.pecUI^)r augmented it. value ui BCudcnts."— f 'Vi'h/mrtf . 

"This njiiionwill be faunillbe mo.E coin)>1eIe lieaiiH on Ihe priociplei or measuiini and naluing 
aniBcsrs' work that liai ya been published." —Hvldittg Newt. 

Pooiiet fstimator and Teofinioal Guide. 

THEFOCKET TECHNICAL GUIDE, MEASURER, AND ESTI- 
MATOR FOR BUJLDERS AND SURVEYORS. Containing Technical 
Directions for Measuring Work in all the Builiiing Trades, Complete Specifications 
for Houses, Roads, and Drains, and an Easy Method of Estimating the parts of a. 
Building collectively. By A. C. Beaton, Author of " Quantities and Measure- 
ments. "Fifth Edition. With 53 Woodculs, waistcoat-pocket siie, u. bd. gilt edges. 
"No builder, un^itect, surveyor, or vuluet.hould be wilhout hi. • Zeattm.'"—SiiiUimt Nniis. 
" Contain, an extraordinary amounl of inforouiion in daily rtquisilian !n measuring mi eiliaialing. 

Its presence in the pocket will tare valaable unu and iraunle.''— dwUiif WtrU. 

Donaldson on Specifications. 

THE HANDBOOK OF SPECIFICATIONS; or, Practical Guide tt> 

the Architect, Engineer, Surveyor, and Builder, in drawing up Specifications and 

Contracts for Works and Constructions. Illustrated by Precedents of Buildings 

actually executed by ctninent Architects and Engineers. By Professor T. £. 

Donaldson, P.R.I.B.A.,&c New Edition, in one large toL, 8vo, wilh upwards 

of 1,000 pages of Text, and 33 Plates, £1 1 is. Sd. doth. 

"In thiimifk fbrtT-four speeificatioDsof eiecuied work, are given, includbgthe specifications for 

parts of Ibe Dew Hdums of Puliamcnt, by Sir Charles Bjuiy, and Tor Ihe new Royal eaohange. by Mr. 

^, M.P. The lallar, in paitieular, is a very compleie and remarkable document. It cmbodua to 

a freal BvUnIt as Mr. Uanaldson menlions, the bill of quaniitie., with the deKriptioq of the work..* 

. . , It is vatuable as ancord, and more valuable stilL as 9 bock of precedents. . . . SuJice it 

to say that DoaatdsoD*s ^ Handbodt of Specification.' mu.t be bought by all ardutecta," — Builder. 

Bartholomew and Rogers' Specifications. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE. A 

Guide to the Architect, Engineer, Surveyor, and Kuilder. With an Essay on the 
Structure and Science of MwiemBnildingj. Upon the Basiiof the Work by Alfred 
Bartholomew, thorooghlyRevised, Corrected, and greatly added to bjrFnEDERiCK 
Rogers, Architect. Second Edition, Revised, with Additions. With numerous 
Illustrations, medium Svo, i^s. cloth. 
" The colleetiaD of spedficalloas prepared by Ur. Ri^enan Ihe bads of BarlfaolOBiew's work is too 
-- - — endation from us. It ii one of the books with which every yfhung archi- 
le has sbovo that ttie speciftcatiops cannot be set aside through any 
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Building ; Civil and Eoclesiastieal. 

A BOOK ON BUILDING, Ci-vil and EccUsiatlieal, including Church 
Reatoration ; with tbe Theory df Doidcs and the Great Pjrraaiid, &c. By Sir 
Edmund Beckstt, Bart., LL.D., F.R.A.S,. Author of "CIoclis and Watches, 
and Belli," &c Second Edition, Enlarged. Fcap. 8vo, S'- doih. 
"A book which [i always mnaiing and nsatlr atmn ioitriictive. The tlfla throu^oot ilia the 
hlgliMl degrs8 coDdoDied and eplgri m milir."— rjiwti. 

Ventilation of Buildings. 

VENTILATION. A Text Book to the Pr.Ktice of (he Art of VentUaiiiiz 
Buildings. With a Chapter upon Air Testing. By W. P. Buchan, R.P., Sanitary 
and Ventilating Engineer, Author of " Plumbing," &c With 170 Illustrations. 
lamo, 4J. doth boards. \Just fuUisktd, 

The Art of Plumbing, 

PLUMBING. A Text Book to the Practice of the Art or Craft of the 

Plumber, with Supplemeatary Chapters ei> House Drainage, ernbodj^ng the latest 
Jmpraveiuents. By WiLLiAH Paton Buchan, R.P., Sanitary Engineer and 
Practical Plumber, Fifth Edition, Enlarged to 370 pages, and 3S0 lllustratloni, 
izmo, 4r. cloth boards. 

"A <eit book nhlch may t» EaTely put in Ihs hiiidi of ersry Touug Eiliiml»r, and which will 
alio be found uuful t>T mcbitects and medical profetaon."— Bktricr. 

" A valuable leit book, and ibt only treatlss which cas tH regarded a* a really reliable manual 

Geometry for the Arahiteat, Engineer, do. 

PRACTICAL GEOMETRYJor the Architect, En^neer, and MechoMic. 
Giving Rules for the Delineation and Application of various Geometrical Lines, 
Figures, and Curves. By E. W. Takn, M.A., Architect, Author oi " The Science 
of Building," &c. Second Edition, With 17a Illustrations, demy 8vo, 91, cloth. 
"No book with ibe uiae cbjectB in view has em- boen pubtiahed in which tin devncu of the rulea 

1>id down add the iilustralivc diagnuns have been lo uti&factDry." — Scoitmatt. 

The Science of Geometry. 

THE GEOMETRY OF COMPASSES j or. Problems Resolved by the 
mere Description of Circles, and the use of Coloured Diagrams and Symbol*. B» 
Oliver Bykne. Coloured Plates. Crown 8vo, jr. 6d. cloth. 
" The treatitfl ii a good one, and remBrkablc— like all M r. Byme^i coatributiooi to the soence ot 



DECORATIVE ARTS, etc. 



SVooda and Marbles, Imitation of. 

SCHOOL OF PAINTING FOR THE IMITATION OP WOODS 
AND MARBLES, as Uught and practised by A, R. Van DER Buro and P. 
Van dkr Burg, Directors of the Rotterdam Painting Institution. Ri^al folio, 
l8i by 12} in., Illustrated with 24 full-siie Coloured Piates ; also 12 plain 
Pbtes, comprising 154 Figures. Second and cheaper Edition, Price;Cl lii. td. 
List oy Plates. 

u Tool! required for Wood Painling— I ceii and Finiihed Spedmen — rg. MabocaDT 

.3, 3. Walnut I PtelimiliarySncFi nrCrninini inri i <t.^^m.n. ,.r r.rin... Cw^i,., •-^ M.ih,&> M 

Fiuiiheil Specimen — 4, Tt 



Walnuti PteliminarySageEorUTainiDEand Spedneni or Tuioui GraiiB and MethiSr . 

■ "" " " uion-3-jo, 11. Mahoganyi Earlier Wet 

thed Specimen — at, 33. 94. Sienna Martilc : 
lofGnJn, Preliminary Siagei and Fini ' ' 



nLing and Method cf Manipuladoo— s. 6. St. 
Kemi Muble; Earlier Operal inn. anj Finithed 
Specimen — 7, MeUiodi of Sketching IdiRerent 
GraloL Knoti,&G. — 8,9. A»b : Preliminanr Scant 
and Fmiibed Specimen— 10. Meihodi of Sketclwiii 
MarUaGraiai— II, It, Bitche Marble: Piclimia- 
aty Stagei of Workuig and Finitbed Specimen— 
13. Maple; Melhodi oT Producing the diBereDt 
<J[ain*-*4, 1$. Bird'a^re Maple; Preliminary 
Stagei and Finiihed Specimen— ifi. Metkodt « 
SketchiuE the different tpedet of While Marble 
17, iB. \AiteMarUe; Preliminary Sugei of Pio- 

" TiKia who detire to attain ikil] in (he art 
connldnf thi* book. . . . Some of the Woil 
4>ppDrtunity to ttudy it." — BailiUr, 

"AcomprebemivB Buideloihaari. Tbeexplai 
ment of the cokura. aod Uie beauiifuUy eavcuted \ 
aini at nuking hia work a ftilhful tnnicripl of nai 



Specimen — 15, 96, av. Juniper Wood ; Metbodt of 
Finiihed Specimen — aft, t^ 30. Vert de Mer 

iag, Unfiniihed and Finitbed Specimeu — ^1, ^. 

B. Oak ; Varieliet of Ciain, Twia eaiplayed and 
ethodi of ManipDladon, FrelimiDary Sliiet and 
Finitbed Specimen— 34, 3s, 36. Wauiurt Marble i 
Varieliet ot Grain, Uiillniihed and Finiahed 



DECORATIVE ARTS, &v. ,j 

House Decoration. 

ELEMENTARY DECORATJQN: A Guide to the Simpler Forms oi 
Ei-cryiiay Art, as applied to the Interior and Exiericv Deconttion of DweUiog 
Houses, &c. Bj James W. Facky, Jun. With 68 Cuts. lamo, a/, elolh limp. 

PRACTICAL HOUSE DECORATION: A Guide to, the Art of Onia- 
meot»l Punting, the Annngement of Colours in Apartmenls, and the principles of 
Decorative Design. With some Remarks upon the Nature and Propetiies of Pig- 
ments. By Jamm William Facky, Author of " Elementary Decoration," ftc. 
With numerous Ulustrationi. lamo, 2s. ftd. cloth limp. 
N.B.— 7X*flartw Two Wtrkt ti>gilhtr ia One Val., ttrsHgly half-baund, prite ^, 

Colour. 

A GRAMMAR OF COLOURING. Applied to Decorative Painting and 
ihe Arts. By Georce Fi«i.d, New Edition, Revised, Enlaced, and adapted 
to the use of the Ornamental Painter and Designer, by Ellis A. Davidso.v, With 
New Coloured Diagrams and Engmvings. l2mo, 3T. &/. cloth boards. 
"Tbebookiia mod lueful nnx/ of iIk prapatici o( v'-^aeB.tx."~B<dliitr. 

Houae-Painting, Graining, etc. 

HOUSE-PAINTING, GRAINING,MARBLING&-SIGN WRITING, 
A Practical Manual of. By Ellis A. Davidson. Filth Edition. With Coloured 
Plates and Wood Engravings. t2mo, 6i. cloth boards. 

'■ A mau of iuriirmaiiaii. oF UH to Ihc amalcuiand of Talus to tho practical nun."— fjvA'iA Mtrham'e. 

" Simpl]- innluahle id the younEiIer enuring upga ihla putieulu calluig, and higfaly terviccabl* to 

Oeoorators, Receipts for. 

THE DECORA TOR'S ASSISTANT: A Modern Guide to Decora- 
tive Artists and Amateurs, Punters, Writers. Gilders, &c. Containing upwards oF 
60a Receipts, Rules and Instructions ; with a variety of Information for General 
Work connected with every Class of Interior and Exterior Decorations, &c.. 
Fourth Edition, Revised. 151 pp., crown Svo, it. in wrapper. 
'' Full of reuiiiti of nln* to decoraton, paimerf. Eilden. Ac. The book amtaini Ihi liitof UrEsr 

treatiHi oa colour and tecfaBiciljiroCBKi. It would bs difficult to mutwilh awoik u fuU of nncd 

laroruBCioa od llw pwoici'i mr—Bnililiiui Nraa. 

*' Wc rocoiaaaeDd thv work to all who, wfaelbcr for pleaure or profit, rtquirc aguida to decoration." 

—Plumttr and Dtctrattr, 

Moyr Smith on Interior Deooration. 

ORNAMENTAL INTERIORS, ANCIENT AND MODERN. 
By J. MoYR Smith. Super-royal Svo, with Thirty-Two Full- Page Plates and 

~ I smaller III uatrations, handsomely bound in cloth, gilt top, price l8r. 

UDplelordsccHmlivEtruliacDl."— TA Bxili 



" The book is mil illuMraled and handaomc 

□V EpodcxaiDpleaof deCAnlive trealidcDt.'^.- - . 

'*Thib ia ifac mott elaborate aod beautiful work oq Ihn artlitic decoratian c 



y beamirul and 



chtiie : bat he takei can that Ihe deiitu of olhet aca ihill figure even mort . . . 

^'Td el] who take an intereet in eUboiate doueatic ornaioeot thii haodioma volume will ba 
welcome ." — Grafhu. 

British and Foreign Marbiee. 

MARBLE DECORATION and the Terminology of British and Foreign 
Marblei. A Handbook for Students. By George H. Blagrove, Author of 
'• Shoring and its Application," &c. With a8 Illustration*. Cr. 8vo, y, bd. cloth, 
"This in«t uiefal and much wauled haadbook ahould be in the hauda of every architect and 
builder.-— fiuiUinr WaiM. 

" It ii an Biceilenl manual for sludeati, and interesting to artiitic readers geuerallr."— 5atKnfaj> 

"A carefullj and naefallf written treaUae ; Ihs work is essentially practical."— Scabmai. 

Marbie Worlting, etc. 

MARBLE AND MARBLE WORKERS: A Handbook lor Architects, 
Artists, Masons and Students. By Arthur Lib, Author of "A Visit to Carrara," 
"The Working of Marble," &c. Small crown Svo, 3i. doth. 
"A really vilnable additloo to the technical liieratu.-a of architects and miiODS.''— BafUiMr Nrmt. 

, .,Ct"ft,">glc 
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DELAMOTTE'8 WORKS ON ILLUMINATION AND ALPHABETS. 



A PRIMER OF THE ART OF ILLUMINATION, for the Use ef 
Beginneri : with a Rudimentary Treatise on the Art, Practical Direction! for its 

Dblamoti 

H mm coUecLioDi Acceuible u all, u« lelccud with judspiait apd knovled^t u wcQ u 

ORNAMENTAL ALPHABETS, AntietU and MediavaJ, from tfu Eigitfh 
Century, with Nuintrals ; including Gothic, Chuich-Teit, large and small, Gennao, 
Italian, Arabesque, Initials for Illumination, Monogmm, Croisea, &c. &c., for (he 
use of Archileclural and Engineering Draughtsmen, Missal Painters Masons, 
Decorative Painters, Lithi^;TapheT5, Engravers, Caiven, Slc &c. Collected and 
Engraved by F. Delauottb, and printni in Colours. Nev and Cheaper EditioD. 
Royal Svo, oblong, 2r, 6d. ornamental boards. 
" For thouwbo Enien enamelled tenlcnca round gildgd chilim, who bluon ihop legindi orcr ihiiti- 

dODH, wbo letter churcb walli with pithy sentBocci from the Decalofue, thit bow will be lUetuL** — 

EXAMPLES OF MODERN ALPHABETS, Plain and Ornamental. 
including German, Old English, Saxon. Italic, Perspective, Greek, Hebrew, Ctiurt 
Hand, Engrossing, Tuscan, Riband, Gothic, Rustic, and Arabesque ; with several 
Original Designs, and an Analysis of the Roman and Old English Alphabets, large 
and small, and Numerals, for the use of Draughtsmen, Surveyors, Ma^ns. Decora- 
live Painters. Lilhographets, Engravers, Carvers, &c. Collected and Engraved by 
F. Delauotte, and printed in Colours. New and Cheaper Edition. Royal Svo, 
oblong, 21. bd. ornamental boards. 
"Thereiicompriiedmit every pouibleihape into which the letters of the alphabet and nameraltcaa 

be formed, and the talenl which has been expended in the conception of the Tirioui pUin and omameDtal 

letlere u wooderfu]." — Standard. 

MEDIAEVAL ALPHABETS AND INITIALS FOR ILLUMI- 
NATORS. By F. G. Dblauotte. Conlaining 21 Plates aad Illuminated Tiile, 
Siated in Gold and Colours. With an lotroduction by J. Willis Brooks. 
Durth and Cheaper Edition. Small 410, 4r. ornamental boards. 
" A TOluiae in which the lEllenoC Ihealptiabel come fonh [lotified in Eildiag and all the colouis of 

THE EMBROIDERER'S BOOK OF DESIGN. Containing Initials, 
Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesiastic^ Devices. 
Mediseval and Modem Alphabets, and National Emblems. Collected by F. Dela- 
MOTTE, and printed in Colours. Oblong royal Svo, li. bi. ornamental wrapper. 

plyiOK the needle is tlUt motl onaiiienlal ud uterui pretty work."— fair AhiIUh Timti. 



Wood Garving. 

INSTRUCTIONS IN WOOD-CARVING, /or Amaieurs; with Hints 
on Design. By A Lady. With Ten Plates. New and Cheaper Edition. Crown 
Svo, is. in emblematic wrapper. 
"Tbehindicnrtorthe wood^aiver, » well •> a book can impart il, maybe leaiat from 'A Lady'i' 
** The diiectjoni siven are pUtD and euily undentood."— £«^/u'( Ktclutnic. 

Qlaas Painting. 

GLASS STAINING AND THE ART OF PAINTING ON GLASS. 
From the German of Dr. Gkssbkt and Ekanuel Otto Fkombe&g. With an 
Appendix on The Ast of EKAUILLiNa. i2mo, it. 6d. cloth limp. 

Letter Painting. 

THE ART OF LETTER PAINTING MADE EASY. By Ja>1es 
Gkeio Badbhoch. With 13 full-page Engravings of Examples, M.ftd. cloth limp. 

"The mtem i» a limple one^ Hot quite oHginal, aikd well worth the caierBl atttnlioa oT letter 



CARPENTRY, TIMBER, &-c. 79 

CARPEHTR7, TXMBBR, etc. 

Tredgold's Carpentry, Revised and Enlarged by Tarn. 

THE ELEMENTARY PRINCIPLES OF CARPENTRV : ATteatix 
on Ihe Pressnre and Equilibrium of Timber Framing, Ihe Resistance of Timber, 
and the Construction of Floors, Arches, Bridges, Roofs, Uniting Iron and StoD« 
with Timber, &c To which is added aa £»m; on the Nature and Properties of 
Timber, &c., with DesctiptloM of the kinds of Wood used in Buildmg; also 
numerous Tables of the Scantlings of Timber for different pumoses, the Spedfic 
GraTides of Materials, &c. B7 Thouas Tbbdcold, C.E. With an Appendin 
of Specimens of Various Roofs of Iron and Stone, lUuslrated, Seventh Edition, 
tboToughlj Revised and considerably Enlamd by E. Wtndham Txrn, MA,, 
. Author of "The Science of Building," &c. With 61 Plates, Portrait of the Author, 

and several Woodcuts. In One laigc Vol., 4to, price 251. cloth. 
^'Oujliito be in eTerj- archilKt'i and every buildir'i 1Lbi«ry."—iljiii'WiT. 
A TDrk whoH monumeiilHl eircetkricfi muit confmend it wherever tkilful atrpentrr u concemed- 

The iiithor'i principlu »re nithef confiimed ihaa impaired by tiine. The addiiionJ pluet an of ireal 

inmaiK riine."--8iuiJiiv f/raii. 

Woodworking Machinery. 

WOODWORKING MACHINERY: lis Rise, Progress andConstruction. 
With Hints on the Management of Saw Mills and the Economical Conversion of 
Timber. Illustrated with Examples of Recent Designs by leading English, French, 
and American Engmeers. ByM.Powis Balk, A.M.Inst.C.E., M.I.M.E. La^e 
crown Svo, m. fid. doth. 
" Ht. Bale 11 cvideDtly an axpeit cu the nhject, and he hu eollecled » much iDrDrmadon that hEi 
book u all-nifficieat far bulden and othert engaged in ihr isnvcnioD oF fxai\icT,"—ArclHlKl. 

"The mon compreheeaive esfapendium of wood-wotking machinery ve have leen. llie aulhoiii a 
thoroueh maiter of hb wbjgct."— Aa^ltfiV -A'nu. 

"Theappearuceerihia book at the proenl lime vill, we ihould ihink. Eiveaconiidenble impe- 
tus lo ttie onward march of the machinist gorged in ihe daigokiii and maDvirncture of wDod-varkmg 
nachinea. It tbouM be in Ibe oSca of every vood-irarkiiia faclaiy.''_£nf/''f'i 'l^'V'twc. 

Sam mils. 

SAW MILLS: Theit Arrangement and Management, and the Economical 

Conversien of Timber. (A Companion Volume lo "Woodworking Machinery.") 

By M. Powis Balk. With numerous Illustrations. Crown Svo, loj. 6d. cloth. 

'"nils adminlilraiiBit of A Urge lawing eitablisliiDeni u dimued, and Ihe lubJKt emninedfroma 

finaficial aandpoint. Hence the aie, ihipe, oider, and diipoiitioD ofaao-milli and itie hke aie gene into 

in decailt and itw coaiaa of the timber ii traced fiom its rtcepiicpn Lo its delivery in iu converted uate. 

We conld not dciire a more compleie nr piaciieiJ tna^x.'—Buildtr, 

"We highly recommend Mr. BalD'iwork to the attention and pemia] of all those who are engaged in 
the art of wood conveiaioq, or who areaboucbuU^ngorremadeUingu«.millf on improved priodpleB.'^-^ 



Garpentering. 

THE CARPENTER'S NEW GUIDE; or. Book of Lines for Carpen- 
ters ; comprising all the Elementary Principles essentia! for acquiring a knowledge 
of Carpentry. Foanded on the late Petkr Nicholson's standard work. A New 
Edition, Revised by Arthur Ashpitkl, F.S.A. Together with Practical Rules 
on Drawing, by Georck Pynk. With 74 Plates, 4to, ^i u. cloth. 

Handralling and Stairbullding. 

A PRACTICAL TREATISE ON HA NDR AILING : Sbi>y>iriei^evf 
and Simple Methods for Finding the Pitch of the Plank, Drawing the Moulds, 
Bevelling, Jointing-up, and Squaring the Wreath, By George Colungs. 
Second Edition, Revised and Enlarged, to which is added A Trsatisk on Stair- 
BuiLMHa. With Plates and Diagrams, izmo, ai. 6d. cloth limp, \yusl publiihtJ. 
" WIU be bund ofpnctica] utility in the execution of thii difficult branch of joinery."— AiiiUir. 
"' AlioMt every difficult phaie ol Lbii foiacwhac intricate branch of joinery ii elucidated by the aid 
of platei and cjiplanatory letterpreii." — Fmmiturt Gtiattr. 

Circular Work. 

CIRCULAR WORK IN CARPENTRY AND JOINERY: A 
Practical Treatise on Circular Work of Single and Doable Curvature. By GtiORCx. 
COLLIHGS, Anthorof "A Practical Treatise on Handrailing." Illustrated wiih 
numerous Diagrams. Second Edition, ixtno, 21. 6d. cloth limp. 
" Aneieelleni exauide of what a book of thiikind ibouldbe. Cheap in price, clear in dcGoilioD 
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Timber Merohant's Gompanion, 

THE TIMBER MERCHANT'S AND BUILDER'S COMPANION. 

Containing New and Copious T«ble3 of the Reduced Weight and Mcuarement of 
DeiU and Battens, of all sizes, from One to a Thousand Pieces, and the relative 
Price (hat each aiie bean per Lineal Foot to any given Price per Peteishurgh Stan- 
dard Hundred ; the Price per Cube Foot of Square Timber to any given Price per 
I>oad of 50 Feet ; the praportioiuite Value of Deals and Battens t^ tlie Standard, to 
Square Timber by the Load of 50 Feet ; the readiest mode of ascertaining the Price 
of Scantling per Lineal Foot of any size, to any given Figure per Cube Foot, &c. &c 
By William DowiiHG. Fourth Mition, Revised and Conected. Cr.Svo, 31. cloth. 
" ETer^ihiDg is as dondie uid cliar u it can ponlblr be nrnd:. Tlieic cu be no doubl that tiaj 

" Wg me £W 10 KG ■ rounh edition of Iheie adminblc tibln. which for carrecDieM ud liniplidlT <i 
amnEEQiuit love niuhini 10 be deiired."~7'iW*r Tradii' Jnnml. 

■'An eiceediniily welT-nmnicd, dor, end conciK mamul •>! ublei (si die uie of mU vho buy or k11 
timber."— 7«™fl/ a/Fmiliy. 

Praothal Timber Merchant 

THE PRACTICAL TIMBER MERCHANT: Being a Guide for the use 



of Building Contractors, Surveyors, Builders, &c., comprising useful Tables for all 
purposes connected with the Timber Trade, Marks of Wood, Essay on the Strength 
of Timber, Remarks on the Growth of Timber, &c. By W. Richardson, Fcap. 



8vo, 31. 6d. cloth. 
"Thii handy maouil conUiiu much Tiiuabls bibniutum Tor tb« uk of limber nien:hiDU.hai]den, 

Timber Freight Boolt. 

THE TIMBER MERCHANT'S, SAIV MILLER'S, AND IM- 
PORTER'S FREIGHT BOOK AND ASSISTANT. Comprising Rules, 
Tables, and Memoranda relating to the TimberTrade. By Wilham Richabdsok, 
Timber Broker; together with a Chapter on SPEEDS OF Saw MiLL MACHINERY, 
by M. Powis Balb, M.I.M.E., &c. iziaa, y. bd. cloth boards, 
" A very lueful miDuii] ot nilet. tablrt, apd memorand*. relatinE to the timber trade. Wo recov- 

mead it Via conprudiom of calculation to all timber meaAurere and meichanta, and aa lupplying ■ real 

manl in the trade."— imVrfi'v ^tiui. 

Paolifng-Casa Makers, Tables for. 

PACKING-CASE TABLES; showing the number of Superficial Feet 
in Boxes or Packing- Cases, from six inches square and upwards. By W. RlCHAKli- 
SON, Timber Broker. Second Edition. Oblong 4to, 3/. bd. cloth. 
"iDvaLuable [abour-aavinf tabiea."^/riHfjwjvfTr, " Will uvenuch Labour aDdca]cuLitioiL"^^nK'fr. 

Superfioiai Meaauremetit 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEASURE- 
MENT. Tables calculated from I to 200 inches in length, by i to loS inches in 
breadth. For the useof Architects, Surveyors, Engineers, Timber Merchants, Builders, 
&c. By James Hawkings. Third Edilion. Fcap., 3J. W. doth. 
■'AuKlulcolIecdon of ublei to lacilttale rapid calculatioa of nirfacti. The eiact area of aoy 

ofllieineiteit uiiliiyio all engaged in building opctaliOM."— J'm«»ibii. 

" Thne tables will be found of great auiitance (o aU who reauire 10 make cakuUlioni in lupcrGcial 
ntuurement."— £fw/«* Htck"^. 

Forestry. 

THE ELEMENTS OF FORESTRY. Designed to afford Information 

conceming the Planting and Care of Forest Trees for Ornament or Proht, with 
suggestions upon the Creation and Care of Woodlands. By F. B. Hough. Large 
crown Svo, 101. doth. 

Timber importer's Guide. 

THE TIMBER IMPORTER'S, TIMBER MERCHANT'S, AND 
BUILDER'S STANDARD GUIDE. By Richard E. Grandy. Compris- 
ing: — An Analysis of Deal Standards, Home and Foreign, with CompBralire 
V^ues and Tabular Arrangements for fixing Nett Landed Cost on Baltic and 
North American Deals, iccluding all intermediate Eipento, Freight, Insurance, 
&c &c ; together with copious Informatioa for the Retailer and Builder. Third 
Edition, Revised, izmo, n. cloth limp. 
"Everything It pretendi 10 be: bulk up gradually.ll leads one from a fonuioa trtnail, and llirova 

la, u a malnveighl, a hoit of materia' coBCtmisg bruki, calumna, citttiu, &c,"— fn/Z/tA MnHmmit, 



MARIN S ENGINSERISG, NAVIGATION, &•(. 
MABIME ENaiHBBRINa, NAVZaATIOH, etc. 



Chain Cables. 

CHAIN CABLES AND CHAINS. Comprising Sizes and Curves of 
Lints, Studs, &c., Iron for Cables and Chains, Chain Cable and Cliain MaJting, 
Forming and Welding Linlts, Strenglli of Cables and Chains, Cerlifiotes for 
Cables, Marking Cibles, Prices of Chain Cables and Chains, Historical Note*. 
Acts of Parliament, Sutntory Tests, Chargei for Testing, List of Manufactnren of 
Cables, &c., &c. By Thomas W.Traill, F.KR.N., M.Init.C.E„ Engineer- 
Surveyor-in-Chief, Board of Trade, Inspector of Chain Cable and Anchor Proving 
Establishments, and General Superintendent, Lloyd's Committee on Proving 
Establishments. With numerous Tables, Ulustrations, and lithographic Drawing 
Folio, £i 21. cloth, bevelled boards. 
plele »nd MniKjBnl w«k of KfermcE on tin iab\KX."—NaiUic*liftta*iiu. 

Marine Engineering. 

MARINE ENGINES AND STEAM VESSELS {A Treatiss on). 

By RoBEttT Mdbray, C.E. Eighth Edition, thoroughly Revised, with conuderahle 

Additions by the Author and by Georgz Caklislk, C.E., Senior Sun-eyor to the 

Board of Trade at Liverpool. lamo, 5*. cloth boards. 
" Well adspted [0 givo Iba yoonf ateanuhip ongfOMT or marina angina and boiler maker a gBoeral 
intioduclion inlo hii practical ^wli/'^UKkanical World. 

" Wb feal sure that this thoroughly ravised edition .ill contlnaa to be as popular in tbe futura 

"^"i, 1^ iTcDDipeDdiout and otefai gnids to sfidnasts of our msrCBntila and iDyal naval lerTices, m 

* "Tbe'^iiiforiiialioil given ia botb saaai and laiisike, aDd wsll qoalified Id direct young tea-g<dng 
bands on the Xialghl road 10 the Mtr. cbiefictrtificate. . . . Moit uaefnl 10 surveyon.iaipeclon, 
diMlhwineii and all joung engineers who take an intereH in their ptofe»>i<jn."-C/«itoi. BiraU. 
'■An indispensable niJinual for U« student of maiine engineering,"— Livrrfool Uireury. 

Poofiet-Book for Naval Arohiteots and Shipbuilders. 

THE NA VAL ARCHITECT'S AND SHIPBUILDER'S POCKET- 
BOOK of Fermula, RuUi, and TaiUi, and MARINE ENGINEER'S AND 
Sl/RfEVOR'S Hatidy Bank oj Rrfertnct. By CLEMENT MackbOW, Memberof 
the Institution of Naval Architects, Naval Draughtsman. Fourth Edition, Revised. 
With numerous Diagrams, &C, Fcap., lu. 6<i, strongly bound in leather. 
"Should be uMd brail who are mgaged in the consmiction or design of «Beli. . . . Will bo 
found to contain the moit ucefnl tables ana formulie required by shipbudaen, carefully collected from 
itiebeslsulhorilies, and put togeihet in a popular and ■iniplefonn.--^wj«t--. 

'• The professional thiobuifder has now, in a convenient and sccessihie form, reluiie data for solving 

m*niDiyS^£di'S™olbehund'«ri3uni£coYt"ofMr'!Midirow'ibook."— £1^^ 

FooMet-Booti for Marine Engineera. 

A POCKET-BOOK OF USEFUL TABLES AND FORMULA FOR 
MARINE ENGINEERS. By Fkank Proctor, A.I.N.A. Third Edition. 
Royal 3imo, leather, gilt edges, with strap, 4r. 
'*We reconuncad it loour readen asEoing far to suppiy a lon^ -felt want/'— JVd7d/^c/f4C, 
" A most nsefui compttnion to all marine engineers." — OnittdStrviEt Oiatltt. 

Introduatlon to Marine Engineering. 

ELEMENTARY ENGINEERING: A Manual far Yovng Marine 
Enginttrt and Apprentica, In the Form of Questions and Answers on MelaJs, 
Alloys, Strength of Materials, Construction and Management of Marine Engin"- 

' "filers, CJeometry, &c. &c With an Ap^ndix of Useful Tables. Bj- Jon 
__._ RiN Br - " 
Svo, aj. cloth. 



•*'TuJS;!to3SS?S.' » ?io"mor'a" Sbt;^o"t«. lxi.k^-^^°«- 

"ToBSItidsnlwbabaaths rsquliits desire and leselve to attain a thorough imowledge, Hr, 
Brsirer oBers dacidedlT useful help."— il (*«>«»". 

Hamgation. 

PRACTICAL NAVIGATION. Consisting of THE SAILOR'S Sea-Book, 
by JAURS Grkrkwood and W. H. Rossrr; together with the tMiiisite Mathe- 
matical and Nantical Tables for the Woiiing of the Problem*, by Hbnrv Law, 
CE., and Professor J. R. YoUNQ. Illnstniled. lamo. It. strongly half-bound. 
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unnNQ Ain> metallurgy. 



Metalliferous Mining in the United Kingdom. 

BRITISH MINING : A TrtaHsf on the History, Discovery, Practical 
DiBtleptiunt, and Fulurt Prospects ef MHaiHftreus Mintt in the United Kingdom. 
By Robert Hunt, F.R.S., Keeper of Mining Records ; Ediior of "Uie'iDic- 

Uonwy of Arts, Manufactures, and Mines," &c. Upwards of 950 pp., with 330 
lUustralionE. Second Edition, Rerised. Super-royal 8vo, £1 21. doUi. 

>f Ihs moit Taluable workt or nrcrcncc of modern lima. Mr. Hiut, u Keeper oT llini^F 



RccDTdsof the Uniled Xingdom, huhad opportuniliBi foi tuch ■ tuk dqi CDJoyed braoyoiw 



Kofetatutial infotnuoion . „ ^.- 

the libniry of evcryojae latere 
la of thi» ^auotrf^'—At^fn'rum. 
lad of the giaJeM nlue to thoB who 

on of blsTesUmE facta. .... The emouDt g 
10UI. . . ■ The volDineiippeanLilulr toconvB' 
una puUiihed."— MiwHj JeumU. 

Colliery Management 

THE COLLIERY MANAGER'S HANDBOOK : A Comprehensive 
Treatise on the Laying-out and Worlung of Collieries, Desired as a Book of 
Reference for Colliery Managers, and for the Use of Coat-Muiuig Students pre- 
paring for First-class Certificates. By CaI-eb Pamrlv, Mining Engineer and 
Surveyor ; Member of the North of England Institute of Mining and Meclianical 
Engineers ; and Member of the South Wales Institute of Mining Engineers. 
With nearly Joo Plans, Diagrams, and other Illostrations. Medium 8vo, about 
600 pages. Price £1 51. strongly bound. \Jusl ready. 

Coal and Iron. 

THE COAL AND IRON INDUSTRIES OF THE UNITED 
KINGDOM. Comprising a Description of the Coal Fields, and of the Principal 
Seams of Coal, with Returns of their Produce and its Distribntion, and Analyses of 
Special Varieties. Also, an Account of the occurrence oE Iron Ores in Veins or 
Seams ; Analyses of each Variety ; and a History of the Rise and Progms of Pig 
Iron Manufacture. By Richard Meade, Assistant Keeper of Mining Records. 
With Maps. Evo, £1 &r. cloth. 
" The book it one which tniut find a place on the thelvet of alliateieitedincMliUHllroiiproductiaii. 

"OftWiboQlc viimy unreserredlyiiythaihif ihcbcaofilsciiSiwliichwehaTeevetniet. , ,, 
A book of reference vhich no one eDgaged ui the uoa orcosi trades should omit from his Libfanr."-^/ri»i 
andCaal Tnxdis- Bnim, 

Proapeotlng for Gold and other Metals. 

THE PROSPECTOR'S HANDBOOK: A Guide for the Prospector 

and Traveller in Search of Metal- Bearing or other Valuable Minerals. By J. W. 
Anderson, M.A. (Camb.), F.R.G.S., Author of "Fiji and New Caledonia." 
Fifth Edition, thoroughly R.evised and Enlarged, Smalt crown 8vo, Ji. 6d. doth. 

" Haw le Sod cammettia] mineraji, and how In identify ihem when they nre found, are the leidlnr 
points to which attention 11 directed. The author hai managed to pack at much practical detail iato hu 
pages aa would supply mateiial for a book three Lijtie» iti size.*' — Mimn^ JffurmU. 

Mining Notes and FormalcB. 

NOTES AND FORMULA FOR MINING STUDENTS. By John 
Herman Merivale, M.A., Certificated Colliery Manager, Professor of Mining in 
the Durham College of Science, Newcastle-npon-Tytie. Tliinl Edition, Revised 
and Enlarged. Small crown 8vo, zi. td. doth. \y%isl published. 

" The author hjii done hii work in an exceediDflr cnditable auDner. and has produced a bixik 
tliat will be of (ervice to ttndenca, and thoie who are praclicall]r engaged In mining opvadoDi."— 

" A vailamouniof leehnienlmitterof themmoitratne to mining engiototi, and of coBSidcraU* 



MmiNC AND METALLURGY. aj 

£xptoaioe8. 

A HANDBOOK ON MODERN EXPLOSIVES. Being a PracUcal 

Tre»tUe on the Manufactare and Application of Dynamite, Gun-Cotton, Nitro- 
Glycerine sod other Eiplosire Compoanda. Indndbg the Manufacture of 
CoUodion-Colton, By M. Eisslkr, Mining Eaeineer and MetalluTgical Chemist, 
Author of "The Metallurgy of Gold," "The Metallurgy of Silver," &c With 
about lOO Illuitcatioiis. Crown 8vo, loi. 6d. doth. \^ust pt^liskid. 

" Uiefal nai aa\j (o lb* miner, bat alio to offican of both urrlcea to whom blaalliu and th« 
use of eiplosiTH gmMmllT maj ai anj lime become a necattarr aoiiliair."— W«(iir(. 

'^A ventablommaofloformiuiononiheaobieclofBipliiiiJMemplojied foe milittr*, mining and 
blislinapurpOMs,"— ^mjrBBdjvaBvCaie"!;. 

■' The book n clMrl; wiitleu. Taken ai a vbole we conildet jl an ei 
tbai ibonld be loaod of ^eat lervice to mineri and others ivbo art eoff 
oae of eaploalvea."— ((lAewiHii, 

OoldrHfetallargy of. 

THE METALLURGY OF COLD : A Praetieal TrtaHse on the 

Jtftiallttrgieal TreatmenI vf Cold-btaring Ores. Including the Procease! of Concen- 
tration and Chloiination, and the Assaying, Melting and ReGning of Gold. By M. 
EissLER, Mining Engineer and Melallureical Chemist, fonnecly Assistant Asiayer 
of the U.S. Mint, San Francisco. Third Edition, Revised and greatly EaU^ed. 
With 187 Illustrations. Crown 8»o, iw. 6rf. cloth, \^ust fubliihed. 

" Tbia book ihoiauiblT deterrei its title of ■ 'Practical Ttealiie.' Tbawliole pmcet* of gold 
milling, (loin tbe breaking of Ibe quartz to Ibe aaajr of the bntllon, ig duciibad in clear and orderij 
nartalive and with mBCh,T)ul not too mucb, fiilneu of denil."— Sulnrday "-- — 

"The wotkisBstorebouieof Infoiinaiion and nluable ' 
all profeuianal men engaged In tbe gold.mining indsstrr."- 

Siluer, Metallurgy of. 

THE METALLURGY OF SILVER: A Practical Treatise on the 
AmaigamiUioH, Raaiting. and Lixiviaitsn of Silver Ores, Indodbg the Assaying, 
Melting and RcGning of Silver Bullion. By M. EiSSLKK, Author of " The Metal- 
lurgy of Gold," With 114 Illustrations. Crown Svo, 101, iid. cloth. 

amongil practical men. and >t the lame lime be of valne to stodenti and otben mdirecUr connected 
wilh iTa lodDstriu."— J/tHieg journal. 

"From first Id lul the book is thorongbly aound and reliable." — CDllUry Gttarilian. 

'■ For cbeadiii. practical miners, assajari and inveiiors alike, we do not know of any workou 
the siiljjecl 10 band; and je( ao comprehaniiTe." — Glatgom Herald. 

Silver-Lead, Metallurgy of. 

THE METALLURGY OF ARGENTIFEROUS LEAD ORES: A 
Praetual Treatise on the Smelting of Silver-Lead Ora and the Rtfining of Lead 
Bullien. Illustrated with Flans and Sections of Smelting Furnaces and Plant 
in Europe and America. By M. Eisslkr, Author of " The Metallurgy of Gold," 
" The Metallnigy of Silver," &c Crown 8vo. [In the fress. 

Metalliferous Minerals and Mining. 

TREATISE ON METALUFEROUS MINERALS AND MINING. 

By D. C. Davies, F.G.S., Mitiing Zngitieer, &c., Author of "A Treatise on Slate 
and Slate Quatrying." Illustrated with numerons Wood Engravings. Fourth 
Edition, carefully Revised. Crown 8vo, lit. 6d. doth. 
" Netlber tbe practical minci nor the general reader, ietereiled in miaei, can have a better book for 
lib comtianion and hii piiie,"— Minima Jtitmat, 

" Weare di^ngciur readen aiervice in calling their atlenticm tc thii valuable wotk."— JIfl-ii; WarU. 
" A book that wili not Doly be useful la the geulogitt, ihe practical mitier, and the mctaliurgist ^ but 
alBO very iatcresLingm the general public" — Iron. 

" Aa a hiitory of Ibe preiont scale of mining thtoughout Ibe world this book bat a ttal value, and it 

Earthy Minerals and Mining. 

A TREATISE ON EARTHY AND OTHER MINERALS, AND 



Wood Ei>Etnvings, Second Edition. Crown 8vo, izr. 6d. cloth, 
minnfilt wbKh iiave recently appeared.* 



to have met with aay Eoglisb work on mi 



^ould ha lociiued to rank it u among the very beii of the hudy ■'-'■•■'■-■' and ttaihl 
"" ' ' ' ' QiHiTitTly Xevitv. >JlC 

O 
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Mineral Surveying and Vaiuing. 

THE MINERAL SURVEYOR AND VALUER'S COMPLETE 
C UIDE, camfnting a Treaiitt en Imprmtd Miming Surorying and the Vahiatien 
ef Mining Prafertia, itntA New Travcrie TabUs. Bj Wm, Lintkkh, MinLnfi am* 
Civil Engineer, Third Edilion, with an Appendix on " Magnetic and Ah^Ibf 
Surveying," with Reconla of the Peculiaritiei of Needle Diiturl^ncei. With Four 
Ftates of Diigianu, Pluu, &c iimo, 4/. cloth. {Juil puilithtd. 

" Mr^ LiDtan'ibook Fonu a valiuble uid thoroughlr tnutvDrtfiy fuidv.'*— /nu tu^ CfffU Tra^£s* 
" TliLi Dfiv edidoD nuit be of the hiihes Taine ta colLioy wawjoti, pnprieton and manaceK.' '' 

AabeetOB and its Uses. 

ASBESTOS : lis Properties, Occurrence and Lses. With some 
Account ofthe Mines of Italy and Canada. By Kobbrt H. Joses. With ^ight 
CoUotvpe Plates and otlier llliutrations. Crown 8vo, IZr. fid. doth. 

^lul puMishid. 
" Ad intenttlog an [avuluable work."— Co/I>tT7 GnanUan. 

" We counaal onr raadna to itsc ifaii eicsadiaglr lot nntini work for themHltn ! ther viil 
End in It mncli itiU li luggesiive, aad ■ giut dMl thu it of isunsdiue and pricilcal usefulness." — 

"A valiuble addition la Iba aichltacl'i sad onglnMr'a Ubcaij.'—SuiUuif tttmt. 

Underground Pumping Machinery. 

MINE DRAINAGE : Being a Complete and Practical Treatise on Direct- 
Acting Underground Steam Pamping Machineiy, with a Description of a large 
number of the best known Engines, their General Utility and the Special Sphere of 
their Action, the Mode of their Application, and their merits compared with other 
forms of Pumping Machinery. By Stephen Micreli. Svo, t^i. cloth. 
'* Will be highly esteemed by coLliery owaen and leueei, miniac enpoKri, and itudenu fieaerally 
vho require to be acquainled with ttic bui meant of Kcunoi the dtamase of mines. It ii a moit valu- 
able woik, aad sundt alDiotl alone in the Ikeislure ofilEam pumping michinery," — Callitry Citardian, 
" Much TalDible infonnaiion i> liven, 10 ihsi ihE book is (haroutfaly worthy of an aieadve circu- 
latioa amoDfst pnctical men and puicbuei* of macfalneiy."— Minfi^ Jtumal. 

Mining Tools. 

A MANUAL OF MINING TOOLS. For the Use of Mine Managers, 

Agents, Students, &c. By William Morgans, Lecturer on Practical Mining at 
the Bristol School of Mines. lamo, is. 6d. doth limp. 

ATLAS OF ENGRAVINGS to Illustrate the above, containing 235 
lUuitratiouE of Mining Tools, dr«wn to scale. 410, 4^. 61^. cloth. 

pcaeticalkiwwIedceiuHluieliil hints by ttu: lUidy of Hr. Morgau' la^a-^C'—CallittyGiiariUait. 

*' A valuable work, which will teod outerially to improve ourmiaiDglilenEuir.'* — Miniiig Jtamal. 

Coal Mining. 

COAL AND COAL MINING: A Rudimentary Treatise en. By the 

lato Sir Warington W. Smyth, M. A., F.R.S., &c., Chief Inspector erf the Mines 
of the Ciown. Seventh Edition, Revised and Enlarged. With numeroas Illus- 
tmtions, lamo, 4^. cloth boards. [Juil puilisird, 

mithodiof worklDEilEe book will doubtieu iniereit 1 very lai^ number of readen."—Afuu>(f ynnr-ail. 

Subterraneous Surveying. 

SUBTERRANEOUS SURVEYING, Ekmentary and Priutical Treatise 
en ; with and without the Magnetic Needle. By Thomas Fbnwick, Surveyor ai 
Mines, and Thomas Bakkk, CE. Illustrated. I2ino, 3^. cloth boards. 

Granite Quarrying. 

GRANITES AND OUR GRANITE INDUSTRIES. By George 
F. Hasris, F.G.S., Membre de la Socl^t^ Beige de G^logie, Lectnrer on 
Economic Geology at the Biikbeck Institation, &c With Illustrstions. Crown 
Svo, as. 6d. cloth. 
A clearly and well-wiltlen nuDoal for ptnoDi cugagftd or Interatsd Id the fiaaite isduicrj. '— 

ilerestlni work, obJcb will be dsssrvedly estsamsd." — CeUitry GMr^loH. 

icsedlnRly InterFstinn aod valuable moDogripb on a subject wliich has hitherto receivod 

ibly litUg attention in the shape of sysiomailc literary ti — ■ " '^— '~-' ' — '-- 



ELECTRICITY, ELECTRICAL ENGINEERING, &•<. 
ELEOTBICITY, SLEOTRIOAL EHaXHBERINO, ETC. 



Eleotricaf Engineering. 

THE ELECTRICAL ENGINEERS POCKET-BOOK OF MODERN 
RULES, FORMULA, TABLES AND DATA. By H. R. Kempk, M. Inst. 
E,E., A.M. Iii5t. C.E,, Techniod Officer Postal Telegraphs, Author of " A Hand- 
book of Electrical TeKiDg,'' &c With nnmeious lllustrationi, rojal 31mo. 
obloDg, Is. lolher, [Jiut fuiliiAtd. 

" Thsca Is f ary ILnla Id tha ibape of foimalB or data which Iba electricUa i* likslr lo waat in 
a hnrrj which caaaM bn fauod in In pace*."— iVac<ici/ Enfiitttf, 

" A TEiT nisFal book of leferaaca for dallT Die ia practical electrical engiaaertng and it! varioua- 
■ to the Indnilriei of [be preuni diT."— /roil. 



" StnmglT [Bcommendad to IhoM eogaged in tha Tariooi elaculral iadaetriei."— SUitritat 

Rtnitw. 

Eleotrio Lighting. 

ELECTRIC LIGHT FITTING: A Handboolc for Working Electrical 
£ngiaeer3, embodyiag Practical Notes on Inilallation Management. Bjr John 
W. Ukquhakt, ElectricisD, Author of "Electric Light," &c. With numerous. 
Illnstntiont, crown Svo, jr. cloth. \^t puilUhtd. 

"Ttali folnaie deala with what mar be termed the mechinica of electric llghiinf, and ia 
addiasHd to men wbo ue alreadi engacni id the woili, or are traiaing for it. The work tiiTene* 
■ Kcest deal at gtoand, and may be read ai a lequel to the ume luthni't luefnl work OD ' Elaciilc 

"Ttai) Iianaitanipttoilata intbeiimpleat ]BDgi»(e the pracantleDa which ibaald be adopted 
in initalling Iba electric llgbt, and 10 give iorarmntion for the gnidance of tboie who have to nm the 
pJanE whoa Eoaialled. The book iawell worth the peruial of the warlcmaCi for whom it is written."— 
XUarical Rtviiw. 

" We have read thli book with a good deal of pleaaare. We bellare (bat tho book will b« of 
nie to practical workioeil, wbo will Dot bn aiarmed bj Gndioi mathematical formniai wtiich tbejt 
ate nnehle lo Dnderelaod."— fltcfriMl PUol, 

"Bminaotlv practical and eiefui Ought to ba In the bandi of everTone In charge of aa 

elecKic light pl«ot,"~EI(riricBl Engiiuir. 

"Altogether Mr. Urqnbvtliaa succeededia producing a raallrcaplul book, which we have no 
lieailition in recommending to Itie notice of working elsctliciani and alectricai engineen."— 
Michauicai World, 

Eleotrio Light. 

ELECTRIC LIGHT: Its Production m^dUst. Embodying PUin Directions 
for the Treatment of Dynamo- Electric Machines, Batteries, AccumtUatora, and 
Electiic Lamps. By J. W. Urqithart, C.E., Author of " Electric Light Fitting," 
" Electroplating," &c. Fourth Edilioti, carefully Revised, witli Lai^e Additions 
and I4S lUustratiotis. Crown 8to, ^s. W. cloth. \yust fubiuied, 

"The bosk littr fir the but that we have yet met with on the nbiect."— .4r:ininiM. 

" It li the only work al prucnt Available* which pvr% in langua^g intelligible for the mart part to 
the Djdidary reader, a geoerfti but conclK hutory of the meaiu which have been adopted up to the 
pment time in producing the elsmiic light."— Jf((r('>»r!iViM. 

*' The book GODUini a general account of the meiDi adopted io produdng Ibe cltclric light, bol 

leveial ofiu ianm.'—CiilUnf CMardiaa. 

Conatruotion of Dynamoa, 

DYNAMO CONSTRUCTION: A Practical Handbook for the Use o/ 

Engiatir ConsiruclQrs and Sltctn'ciaHs in Chargi. With Examples of leading; 
English, American and Coniinental Dynamos and Motors, By J. W. UnquHART, 
Anthorof'ElectiicLight," "EIecliicLiEhtFitting,"&;c. Crown Sro. \ltttktprtts. 

Text-Book of Eleotrhity. 

THE STUDENT'S TEXT-BOOK OF ELECTRICITY. By Henry 
M. NOAD, Ph.D., F.R..S., F.CS. Neir Edition, cBrefully Remed. With an 
Introduction and Additional Chapters, by W. H. Prbbce, M.i.CE., Vice-President 
of the Society of Tclq^ph Engineen, &c With 470 lUustratioQa. Crown 8vo, 
lU. 6</. doth. 
" The original plan of thii book hai been carefullT adberad toiaaato dukeilartdex ofthe eitiiting 
eUIeefelectncalicKiicr, edaptadlciTnudenia. . . . Ducoverr leemi 10 have pnnrcuei 
' ' '' ' ^^ apparently ceaiod, and pncticol ippiicationi have ^ 

lif. '' 
., ^ ... tuhject, a good index, and a 

^ e ladlApeDAable." — AlkrmOMHt. 

.dcDl— beginaeroradvanced^ofelecKicii)'."— fnf^H/rrBV. 
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fleotrio Lighting. 

THE ELEMENTARY PRINCIPLES OF ELECTRIC-LIGHTING. 

Bf Alan A. Campbbll Swinton, Associate I.E.E. Second Edition, Enlai^ed 

and Reirised, With Sixlecn lUiutrations. Cromi 8to, is. ftd. cloth. 

"Anynic whg Aaixa % ihon nod thonutUr dor nvaoAoa. of the Atataxizj prindpla ef 
<l«tiic-LjghtLiig Guuwt do betler IbAA nod tbii lildc work/' — Brtdfa'd Oburvtv. 

£leotriclty. 

A MANUAL OF ELECTRICITY: including Galvanism, Ma^Ktiifm, 
Dia-MagHttitm, Elictm-Dynamici, Magnt-EUctricily, and tie EUctric Telegraph. 
ByHENKvM. NoAD,Ph.D., F.R.S.,F.C.S. Fourth Edition. With 500 Woodcuts. 
8»o,jfi 4/. cloth. 
"Itiiirotlhrof »iJ«e in the library o( areiy public iaitioilioii."— J/iw^r Jw"^ 

Dynamo Construotion. 

HOW TO MAKE A DYNAMO : A Praclital TrtaHstfor AmaUurs. 
Containing nume rous lUusttations and Detailed Inslmctiocs for Conttructing a 
Small D™mo, to Produce the Electric Light. By Alfsbd Crofts. Third 
Edition, Kevis«d and Enlarged. Crown Sro, 21. doth. \Jiul putlishtd. 

" The inilrncliona given in thil unpreieiltiDiia Hllle bock are infflcIeiKlj cteu and eiplicll to 

«nible anr uDKiear inTCliaDic poisesaed cf avenge ikill and the uioal tooli to be foood in an 

anuteoT'i workihop, to baEld a piacdul djoimo machine."— SltdriCHM. 



NATURAL SCZBKGE, eto. 



Pneumatics and Aooustics. 

PNEUMATICS : Including Acoustics and The Phenomena of Wind 
Cumn^j, for the Use of Beginners. By Charlss Tomlinson, F.R.S,, F.C.S., 
&c Fourth Edition Enlaiged. With Numerous Illoslraliona. lamo, ir. 6J. clotA. 
" BeginDcn [d Lhe study of tMs ifflportant ipplicadon or Kieaca could nee haTc a beKer m a nT ia l ."— 

"A Taluable and mitaUe text-book forftudentiof Aeouiticeand the PhoiocDena of Wind Cnrrcntk" 
Sc&eeltmutir. 

Conohology. 

A MANUAL OF THE MOLLUSCA: Btinga Treatise on Recent and 

Fossil Shells. By S. P. Woodward, A.L.S.. F.G.S., late Assistant Pilitontok^itt 
in the British Museum. With an Appendix on Rttent and Fssiil CencAclegital 
DUcoveries by Ralph Tate, A,L.S., F.G.S, lUuslrated by A. N. Watekkouse 
and Joseph Wilson Lowry. With 23 Plates and upwards of 300 Woodcuts. 
Reprint orFourth Edition, iSSo. Crown 8to, ^s. td. cloth 
" A nbuc valuable rt orefaoaie of coachddKical and ceologicat infonjution." — Sciena Couifi. 

Geology. 

RUDIMENTARY TREATISE ON GEOLOGY, PHYSICAL AND 

HISTORICAL. Consisting of " Physical Geology," which sets forth the Leading 
Principles of the Science; and "Historical Geology," which treats of the MinenS 
and Organic Conditions of the Earth at each successive epoch, especial refetenci; 
being made to the British Series of Rocks. By Ralph Tate, A.L.S., F.G.S., 
&c &c. With a;o lUuitialioQs. 12010, 51. doth boards. 
" The fulneif at Ihe mUter hu elevated the bi»k inlo a macuaL In infoiiaadon ii exhanitiTe and 
veil iirangnl.'' — SdUil Board CknmiiU. 

Geology and Qenesia, 

THE TWIN RECORDS OF CREATION; or, Geology and Genesis. 

their Perfect Harmony and Wonderfiil Concord. By George W. Victor le Vaux. 
Numerous Illustrations. Fcap. Svo, Jj. doth. 

mentt oT^hue ^"would lel Gcxl>rWo™jvaim[lw^!'\^rdrN^n]^fficulllMnfaukeiI, ud!no 
saphisirv ii ]e(t unenxiKd."— rAi Keci. 

"The remarkablepeculiariiy of thil author it that be comlnnei aa vabounded admintlon of fcHDce 
with an unbounded admiralion of the Writtca lecurd. The two impulaea ajr balanced 10 a nicety : and 
ihc ooniequenceis ttut difficuliiea which to miada leu evenly poited would be aeriou find immedute 
»o]iitiou oflhe happleit kindi."^^p4din ^#pf>nr. 

Aatronomy. 

ASTRONOMY. By the late Rev. Robert Main, M.A., F.R.S., fonneriy 
RadcMe Observer at Oxford. Third Edition, Revised aiid Corrected to the present 
Time, by William Thynne Lynn, B.A„ F.R.A.S., formerly of the Royal 
Observatory, Greenwich. l2tno, 31-. cloth limp. 
"A louiul andaimple tnaliie, very camully edited, and a capital book (or beciiinen."~./iriuw/f4i(, 
"Aoau?lelybnuttudewnloth(tequinaeai)oltl»pn>*DlliiaehyMi.L)iu.^-£>A>«a(iiHa/7^uiiHf. 



NATURAL SCIENCE, ICc. vj 

DR. LARDNER'S COURSE OF NATURAL PHILOSOPHY. 

THE HANDBOOK OF MECHANICS. Enlarged and almost re- 
written by Benjamin LoEWr, F.R.A.S. With 378 lUnitrations. Post Svo, 61. 
cloth. 

"ThepfrjpicuilTof the origiul hu bera reUined, ud chapierj which had bMoniE obiolele han 
beca replaced hy otlin of more modem chancier. The uplanations throughouL are Audiouily jxvalar, 
and care has been taken ta tbow the applicalion of the vanDUa bianchea of phyaica to th« imhuEiia] aita, 
and ta the practical buiineu o[ We."~Ximng ytunal. 

" Hr. Loevy hu carefully nriied the book, asd bfonght il np to nodeni nqditDoiti."— JVn'iin. 

" Natural philoaophy has had fev eaponenta Eaon able or better ikllled in the ait of populaiinnE the 
subject than Dr. Larduar 1 and Mr, Loewy ii doitig Ewd lernca in fiuinB thii ErealiH, anl the outn 
of Ibe seriei, for tue al the pment lime."— ^iw/nnaii. 

THE HANDBOOK OF HYDROSTATICS AND PNEUMATICS. 
Nen- Edition, Revised and Enlaced b; Benjamin Loewy, F.R.A.S. With 336 

lUnstrttioQi. post Svo, ^s. cloth. 
" For tboaa ' wha dqire to attain an accurate knowledge of physical acience without the profound 
methodl of matbemalicaL inveltigatian,* thi^ work ii Dot merely intended, but well adapted."— ^4f4riiv/ 

"The whiine before oi hai txen caiefully edited, augmented to Dearly twice the bulk of the former 
cditioa, aAd all the inoit recent matter hai been added. . . . It ia a valuable teal-book, "^J/aAinr, 
"Csindidata for pan eaaminaliou will find it, we think, ipecially luited to tbeit requiiemetiti."— 

THE HANDBOOK OF HEAT. Edited and almost entirely re-written 
byBE.SJAUIN Loewy, F.R.A.S., &c. 117 Illustraiions. Post Svo, 6(. doth. 

*'TbeatyIe u always clear and precise, asd CODveyi instruction wiihoat leaving any cloudtneuor 
lurktoe doubts behind.' -^Emgirutrine. 

" A most eahauitive book on the subject on which it treats, and is so arranged that it can be uuder- 
fltood by all who desire to attain an accurate knowledge cF phyiical science. . . . Mr. Loewy hu 
included all the lateat diaco.cries in the varied laws >-' -"- ' ■— ■ " -'—-'—' 

" A complete and handy text-book for the use of 

THE HANDBOOK OF OPTICS. By DiONYSius Laedner, D.C.L., 
fonnetly Professor of Natural Philosophy and Astronomy in University College, 
I^ndon. New Edition. Edited by T. Olvek Harding, B. A. Lotid., of University 
Coll^e> London. With 29S Illustrations. Small Svo, 443 pages, 5^. cloth. 
"Written by one of the ablett English scieiui£c wiitera, beautifully and elaborately Qlustialed." 

—Mldmtiifl Hatalim. 

THE HANDBOOK OF ELECTRICITY, MAGNETISM, AND 
ACOUSTICS, By Dr. Lardner, Nitiih Thousand. Edited by Geo. Cakby 
FosTEB, B.A., F.C.S. With 400 Illustralions, Small Svo, 5^. cloth. 



London. Fourth EditioQ. Revised and Edited by Edwin Dunkin, J 
Royal ObservatoiT, Greenwich. With 38 Plates and upwards of too Woodcuts. 
In One Vol, small Svo, 550 pages, 9/. ^. cloth. 
"Probably no other book contains the ame amount of infcnnation in so compendjotu and vell- 
arraiiEed a form — cerlaioly none at the price at which this is offered to the public." — Atktnmunt'. 

" We (?n do no other than pronounce this work a most valuable manoal of astronomy, and wo 
sirouEly recommend it to all who wish lo acquire a Eeneral — but at the same time correct— ocquaintaaco 
with Qus ubliaie science. "-^Ku-fir/r Jimrmili/ScUitct. 

" One of the most deservedly popular books on the subject . . . We would recommeibd not only 
the student of the elementary pnndptet of the science, hut him who aims at mastering the lugber and 
ntaLhcmaticalbxnnchbSDf astraitam]r,Dot tobe without thia work beiidc him,"^/>af^rcd/ J/jvoaw. 

Or, Lardner's Electrio Telegraph. 

THE ELECTRIC TELEGRAPH. By Dr. Lardner. Revised and 
Re-wiittenbyE. B. Bright, F.R.A.S. 140 lllustiationt. Small Svo, u. 61/. dcdi. 
" One of the Bust raadabla books exEant on the Elsctric Telegraph."— JiyiliiA JfiriUiuc. ^ | C 
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DR. LARDIIER'S MUSEUM Ot- SCIENCE AHD ART. 

THE MUSEUM OF SCIENCE AND ART. Edited by DiONYSiuS 
Lasdnbr, D.C.L.. fonaerljF PrDfessor of Natural Philosophy and Astronomy in 
University College, London. With upward* of 1,100 EngnivuigE on Wood. Id 6 
double volumes, jCi is., in a new and elegant doth binding; or handiomely 
bound in half morocco, ys. 6d. 

",■ Opinions of the Pkess. 

'*TluB Kris, bendei aflbrdinf popular faut « 
htuBbLcM nan io tbc couDtry ou^ht 10 be mcquainte 
which dvery well wither of nii kiac^ ii AdxLoiu to prDmoic Mudv (h^ 
publicalioa have been printed, in Ihe beliir and liope that the dair 
widely pnfaUi ; and wa baic do fear ilut luch cnligbtaDcd iaith v 
Timti. 

"A cheap udintemdnf publication, liika infonninjand attractive. The papen combine siMccta 
of IiBpurimDce and ETcat acicDti£c knDwledg^, cwuideiable ioductive powers and a popular ityle of 

the id^iiiGc inuiuction of ever* clui of locieiy."— Sir David biawiTxa, is the AWM BriHtk 
JCrvin. 

" Wbelhei h couider the [ibenlity and beauty of the illuitrationi, tbe chana et the wiitiDg, or 
the durable interest of tbc pvtter, we muiL ejipreu our beljef that there is liardLy to be found avoos lb» 
new booki our ihat would be welcomed by people of u many K|[ei uod classes as a valuable preeoit."— 



Comnion Thirfgs Expl&ined. Containing Air, Earth, Fire, Water, Time, Man. 
the Eye, Locomotion, Colour, Clocks and Watches, &c. 333 lUniCratloiu, doth 
fiilt, 5x. 

The Microscope. Containing Optical Images, Magnifying Glasses, Origin and 
Description of the Microscope, Microscopic Objecu, the SoUj Microscope, Micro- 
scopic Drawing and Engraving, &c 147 IliustTations, cloth gilt, at. 

Popular Qflology. ConlaiDinc Earthquakes u 
£arlh, &C. aoi lUnslrations, doth gilt, u. 6d. 

Popular Physio. Containing Magnitude and MinnlenesE, the Atmosphere, 
Meteoric Stones, Popular Fallacies, Weather Pn^ostics, the Thermometer, tlie 
Barometer, Sotind, &c. 85 Illustrations, cloth gilt, 2J. 6d. 



Popular Astronorny. Containine HowtoobservelheHeaveiu. TheEarth, Sun, 
Moon, Planets. Light, Comets, Eclipses, Astronomical Influences, &c 181 Illtu- 
tmtions, 41. &/. 



The Electric Telegraph Populariied. To render intelligible to all who can 
Kead, irrespective of any previous Scientiiic Acquirements, Ihe rariovt forms of 
Telq^raphy in Actual Operation, too lilastratians, cloth gilt, i^, dd. 



Dr. Lardner'a School Handbooks. 

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. LardnER. 

31S Illustralions. Sixth Edition. One VoL, y. f>d. dotfa. 
"ATeryconTenlent elau-boak for juoior itndenti [u private schools. It ii intended 10 convey, in 
clear and precise Lermi, general notions of all the piincipal divisions of Physical Science"— ^n^4 

ANIMAL PHYSIOLOGY FOR SCHOOLS. ByDr.LARDNSR. With 
190 Illustrations. Second Edition. One Vol., 3/. 6f/. cloth, . 

"Clairlr wriMes, well amaged, aad eacallantly iWaiaiMi."—Gariaut't Cinmklt, 1 '^ I C 



COUNTING-HOUSE WORK, TABLES, CALCULATORS, &■<. ag 

COUHTIHa-HOUSK WORK, TABLES, CALCULATORS, etc. 



Aooountafor Manufacturers. 

FACTORY ACCOUNTS .■ Their Principles and Prartice. A Hand-book 

for Accountants and Manuracturen, with Appendices on the Nomenclature of Machine 
Details ; the Income Tax Acts ; the Rating of Factories ; Fire and Boiler Insuiano: ; 



the Factoiy and Woikshop Acts, &c., including also a Glouaiy of Terms and a large 
number of Specimen Rulings. Bv Ehile Garckb and J. M. Fells. Third 
Edition. Demy 8vo, 350 Pages. Price 6^. strongly bouod. 



A Tcry interutidc de .. ._^_ . .-_, . . , , ,.. .. 

imiUtinc th« Ytaory Accoudu to the gfincral codubctcuI boolu u one which m IhoroucUy ack* 



■wiih.; 

'ncfitfrom llut ponutloT 



•rVatd by tjtCrcme thorouehncu. Then «t«. few owaen of ladoriei 
— *-' -■- iitloT toil molt Klourablfl work." — Laemi GfvtnaiuHt 



Foreign Commercial Correapondenoe. 

THE FOREIGN COMMERCIAL CORRESPONDENT : Beiny Aids 
to Commercial Correspondence in Five Laoguaees, Englisb, French, German, 
Italian, and Spanish. By Conrad E. Baker. Second ^ition, Revised. Crown 
8»o, 31, 6d. cloth. 

■< Whoever wiihes to correipood in all the UDgaa«ei nuntlooed by Ur. Bikai cunol do bsHer 
thiD iinilj this woik, [bo materiKli of which u-e sicellsat and convenientlr arreitged. Tbe; 

pbiaaei enpressiog [be ume geBera] idea \a varioui li>riia."—Athciuritm, 

" A careful eiamiaitioa has coDvioced di that It li UHUBUilly complete, well arranged and 
TctiiblB, The book li a itioroughly good ong."— ScAtwIiMitfr, 

Jntuitive Calculations. 

THE COMPENDIOUS CALCULA TOR ; or. Easy and Concise Methods 
of Performing the various Arithmetical Operations required in Commercial and 
Business Transactions, together with Useful Tables. By Daniel O'Gokman. 
Corrected and extended by J. R. Young, formerly Professor of Mathematics at 
Belfast Collie. Twenty-seventh Edition, carefully Revised by C Norris. Fcnp. 
Svo, 31. 6d, cloth Ump ; or, jr. td. strongly half bound in leather. 
"ItweoldbediiBciilttauacfEnlallie UHfulocuofa boak lilie tha to ererrDiia engaieit in ixim. 

merca ormaaufactuTing induHr jr. It ia cmnmod fuU of rulei and fanBula for aharteabig uideiflplaring 

calculations." — Knvl^lliigf, 

"SuppIIei i^Eda] and rapid netbodi for all kinili of calculadou. Of great alUIty u ptfiona 

Modern Metrical Units and Systems. 

MODERN METROLOGY: A Manual of the Metrical Units and 
Syittmt of Ike praent Century. With an Appendix containing a proposed English 
System. By Lowis D'A. Jackson, A.M. Inst C.E., Author of "Aid lo Survey 
Practice," 4c Large crown Svo, lat. td. cloth. 
"Tbeaiithor hai bnmghi logeiherniiiih valuable and iwereadng infonmiion. , , , We cannot 
1<iit recommend Uu wotk to Ibe goniideralion of all inlemled ia the piacLical nform of our weighuand 

of the elTecu of the Tanoui syiiEOU that hive been propmed or adopted, Mr. Jacksoa'l uuuh » 
without a rival'* — Acadttny, 

Tfie Metric System and the British Standards. 

A SERIES OF METRIC TABLES, in -which tht Britith Standard 
Meaiures and Weights are tomfared viith tkaie of tht Metric System at frestnt in 
Use an the Contintnl. ByC. H. Dowling, C.E. Svo, lor. 6rf, slrongfy bound. 
"Their acoincr bas b«D cenified by Profeiur Aity, the AaIronomer-Ri>)raL"—Ai>/iUr. 
" Mr. DswUng'i Tables are well put together as a ready Teckoner ior the caurenion of one tyitem 
into the oliKT."--AHintaiaK. 

4ron and Mctai Trades' Calculator. 

THE IRON AND METAL TRADES' COMPANION: For «- 
peditiously ascertaiiiing the Value of anyGoods bought or sold by Weight, from it. 
per cwt. lo 1 131. percwt., and from one farthing per pound to one shilling per pound. 
Each Table extends from one poimd to loo ions ; to which are appended Rules on 
Decimals, Square and Cube Root, Mensuration of SuperGcies and Solids, &c. 1 
also Tables of Weights of Materials, and other Useful Memoranda. By THOMAS 
DowNIE. Strongly bound in leather, 30 pp., 9j. 

' dwiU Bupplyawaol, fornathioEtikelbembeforeeuiIed."— £iii£/iiv 



" Altiioiigh iiiedanT adapted to the 



bought and aa 
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Calou/ator for lumbers and Weights Combined. 

THE NUMBER, WEIGHT AND FRACTIONAL CALCULATOR. 
Containing upwanis of 2jo,ooo Separate Calculations, showing at a {fiance the valae 
at 432 diSerent rates, langing from i^gth of a Penny to sOi. each, or per cwt., uid 
^20 per ton, of any number of articles consecutively, from 1 to 47o.^ADy number 
ot cw«., qr»., and lbs., from j cwt. to 470 cwts. — Any number of tons, cwts., qra. 
and lbs., from 1 to 1,000 ions. By William Chadwick, Public Accountant. 
Third Edition, Revised and Improved. 8vo, price iSi., strongly bound for Office 
wear and tear. \yuit puUiihtd. 

*,* TAirweriis sptHally adapted for Iht Apperliettmettt of MiUi^ Chargei for 

Saihvay Traffic. 

13" This lomprehtnsive and entirely unique and ori^na! Calmlaiar is adaplid for 

the use af AccourUants and Auditors, Railway Companies, Canal Cempaniet, Shippers, 

Shipping Agents, General Carriers, &'e. 

Imnfomders, Brasifaundtrs, Metal MercAoHts, Iron Manufacturer!, Irtmmongtrt, 

En^neers, Mathinist!, Boiler Makers, Millwrights, Roofing, Bridge and Girder Matrrs. 

Colliery Proprietors, &'c. 

Timber Merchants, Buihltrs, Contractors, Arehilects, Surveyors, Auctioneers, 

Valuers, Brokers, Mill Owners and Manufacturers, Mill Furnishers, Merchants, and 

General Wholesale Tradesmen. 

*,* Opinions of the Press. 
"The book conlniu the aiuwenta queiiioiii. and not limply ■ Kt of ingeDioui punle methodi of 

amvint at Hnila. Iliiuejuy of rsfeiEncE foTHoy uuweror aof number of nniwenu atlictioDar)'. 

ud the nfoeDm im BTCD more quickly made. For makiog up accounti or ciiinutei Iho book n<u>[ 



human labour or io checkio^ woi^. The publishcn have placed within the reach of every oomfnenUk 
"The mut perfect work of the kiodyet prepared. "'-GAi^fffW i/^rmZ^ 

Gomprehensloe Weight Calculator, 

THE WEIGHT CALCULATOR; Being a Scries of Tables upon a. 
New and Comprehensive Flan, exhibiting at one Reference tbe exact Value of any 
Weight from i lb. to 15 tons, at 300 Progressive Rates, from \d. to i68j. per cwL, 
and containing |S6,000 Direct Ansvers, which, with their Combinations, consisting 
of a single addition (mostly to be performed at sight), will afford au aggregate of 
10,266,000 Answers ; the whole being calculated and designed to ensure correct- 
ness and promote despatch. By Henky Harben, Accountant. Fourth Edition, 
carefully corrected. Royal Evo, strongly half-bound, £1 y. 

have leen . ' '.—IrvHmsnrrr. 

"Otpiicdeu value to buiineu men. It i< a Decenary book in all merouiule oK<:a."—SluffieU 
Indtftiultiit. 

Comprehenaloe Disoount Guide. 

THE DISCOUNT GUIDE. Comprising several Series of Tables for 

the Qse of Merchants, Manufacturers, Ironmongers, and others, by which may be 
ascertained the eiact Profit arising from any mode of using Discounts, either in the 
Purchase or Sale of Goods, and the method of either Altering a Rate of Discount, 
or Advancing a Price, so as to produce, by one operation, a sum that will realise any 
required profit after allowing one or more Discounts : to which are added Tables 01 
Profiler Advance from li to 90 per cent.. Tables of Discount from ij to 98J per 
cent., and Tables of Commission, &c., from \ to 10 per cent. By Henry Harbek, 
Accountant, Author of "The Weight Calculator." New Edition, carefully Revised 
and Corrected. Demy 8vo, 544 pp., half-bound, ;£■! Jj. 

'* A book Auch Bi thi» can cnly be appreciated by buDnetK meo, to whom the uving of time meaqi 
Having of money. Wc have the high auIhorKy of PrafEuor J. R. Voung ihit ihe uhlei thniuglioiit the 

and mnit prove oC greil value to meichanis, muiufacturen, and seneral traden."— ^riVui TmJr 
Jmnuil 

Iron Shipbuilders' and Merchants' Weight Tables. 

IRON-PLATE WEIGHT TABLES: For Iron Shipbuilders, Engt- 
neen, and Iron Merchants. Containing the Calculated Weights of upwards of 
150,000 diSerent sizes of Iron Plates from I foot by 6 in. by t in. to lo feet by 5 
feet by i in. Worked out on the basis of 40 Ibi. to the square foot of Iron of 1 
inch in thickness. Carefully compiled, and thoroughly Revised by H. Buklinson 
and W. H. Simpson. Oblong 4I0, zjj-. half-bound. 
" Thii work will be found of great utility. The author! hava had much pnctical ciperieDce of 

vtiat !• wulinc in making eitimalei, and the uae of Ihe honk vill lan moch lima in Diakiiig tlaboral* 

calculatioBL"— £ll<Ai* Mlchanic, 
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INDTTSTBIAL AND XTSBFUL ARTS. 
g. 

'the art of soap-making . A Practical Handbook 0/ ike 

Manttfmlwi tf Hard and Soft Soaps, Toilet Soaps, &v. Including many New 
Processes, and a Chapter on the RecoTcry of Glycerine from Wasle Leys. Uy 
Albxander, Watt, Author of " Electro -Metallurgy Practically Treated," &c. 
With numerous lUaslralJons. Fourth Fiiition, Revised and Eolarged. Crown ivo 
7 J. dd. cloth. \Jasl published. 

*'Tlie work will prorfi vary uhTuI, not merely to thfl technological itudeat,but 10 too practical loap- 
boilerwbo iriihcs u undertuad thetaeorror hii >n."— CAonua/ iVmi. 

" Reill; an excellent eumple of a technical luiiuil. entering ai il duel, thonuEhly and eihuutivety, 
tnlh iolo the (heoiy and piaaice of loap maiiiiracture. The book ii well and honeitiy done, and de- 

l a ji g n age. We congratulate the authoi on the tuccesi of his endeavour to fill a roid in English technical 
literatuxv." — Natttrt. 

Paper Making. 

THE ART OF PAPER MAKING: A Practical Handbook 0/ the 

Mamifacturi «f Paper from Rags, Esparto, Slraiv and other Fibrous Materials, 
Including the Manufacture of Pulp from Wood Fibre, wilh a Description of the- 
Machinery and Appliances used. To which are added Details of Processes for 
RecoverluE Soda from Waste Ijquots, By Alexandbb Watt, Author of " The 
Art of Soap-Making," "The Art of Leather Manufacture," &c. With Illustra- 
tions. Crown Svo, 7J. dd. clolh. ^ust published, 
"Thijbook U BDCclnct, lucid, thoroughly practical, and loelodss ererriliioE of interest to the 
modem paper-maker. The book, bealdei being alt the itudent of papci-making irill reqnire id hia 
apprenlfcesfaip. will be fonadaf Inlereit to the paper-maksT himself. Itfi the latest, mait pncticil 
and most complete work on the papar-aukiag art before the British public."— /'atir Rcmri. 

•- It mar be rcgaided as the siaadard °rotk on the subjgcl. Tbs book is full of valuable infonna- 
■ion. The ' An of t^p«r-mikis(>,' is in every reapect a model of a lail-book, either for a technical 
dasa. OF for the prints ■iudant.''—Pd^ran^Frtiiiiiig rrodii foanaJ. 

"Admiiabl* adapted for general as well as ordinary technical reference, and as a handbook for 
■IndeDIs in tachnical education may be warmly commooded.''— r*i f a^ir iiaXa'i UontUy Journal. 

Leather Manufacture. 

THE ART OF LEATHER MANUFACTURE.- Being a Practical 

Handbook, in nhich the Operations of Tanning, Currying, and leather Dressiti^ 
are fully Described, and the Principica of Tanning Eiplaincd, and many Recent 
Processes Introduced ; as also Methods for the Estimation of Tannin, and a 
Description of the Arts of Glue Boiling, Gut Dressing, &c. By Alexander 
Watt, Author of "Soap-Making," "tIectro-Metalln^y,"&c. With numerous 
lUualrations. Second Edition. Crawn 8vo, gs. cloth. 

"A sound, conprchcciivc treatise on tanning and iu accesHiriei. Tliebaokil an eminently valuable 
produclioD, which rednundi to the credit of both author and ilul>Iilhen."—Ct»Iu»/ JTnuiL'. 

*"niis volume is technical without beuig tedioui, comprerieuive and complete without being prosy, 
and it bean on every page the impreta of a master hand- We have never come across a better trade 
tiealiie, ooi one ihai so Uioroughly lupplied an absolute want."— ^liv and LtaUur Tradiz' ChrtnUtt. 

Boot and Shoe Making. 

THE ART OF BOOT AND SHOE-MAKING: A Practical Hand- 
book, including Measurement, Last-Filting, Cutting-Out, Closing and Making, 
with a Description of the most approved Machinery Employed. By John U. 
Lkno, late Editor of St. Crisfin, and The Boot and Shac-MoJur. With numerous 
lUustiations. Third Edition, lamo, it. cloth limp. 
" This eiolleol creatiie is by &r the best work ever wrilteo on the subiecC A new wurk embracmg 
all nodeni improvemcDU was much wanted. This want ii now satislied. The chapter on clicking, 
which ahowi how watte nay be prevented, will save fifty times the price of the tiii!!t..''—Seslluk Ltalkir 

Dentistry. '"™^-- 

MECHANICAL DENTISTRY: A Practical Trealise on the Construe- 
lien oftht various kinds of Artificial DentuTis. Comprising also Useful Formulae, 
Tables, and Receipts for Gold Plate, Clasps, Soldets, &c. &c By Charles 
HuNTEK. Third Edition, Revised. With upwards of 100 Wood Engravings. 
Crown 8to, jr. dd. cloth. 

" The work ia veir practical."— .WfliM/f Brvinti i^Dntill Surfrj. 
of deniiatry, as weU u to cve'^uushanicalTenliM."— ZIuJ/iH Jimntal sfMt^alSeivKt. 

Wood Engraatng. 

iVOOD ENGRA VING : A Practical and E<uy Introduction to the 
Study of the Art. By WILLIAM Nokman Brown. Second Edition. With 
numerous Illusttationi. ilmo, \s. 6d. cloth limp. 
"The book is clear and complete, and will be uuful to anyoiK VBDtiDf ta undentand tba firM 

ehmenls of the beautiful art of wotKl augraving."— Gro/^f. y , > 
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HANDVBOOKS FOR HANDICRAFTS. By PAUL H. HASLUGK. 
Metal Turning, 

THEMETAL TURNER'S HANDYBOOK. A Practical Manual for 
W»rktri at the Fool-Latht : Embracing inroniii.tii>n on the Tools, ApplUaces and 



Processes employed in MeUl Tumine, By Paul N, Hasluck, Aulhor of " L»llie- 

Worlt." With upwards of One Hundred ir ' - •'—^'"■■=— "-^-■ 

Crown 8vo, ts. clotb 



"Cleulrind eoaciiiljr written, eieellnit in erety WHIT."— W«i«i«c«/ Wtrld. 

Wood Turning. 

THE WOOD TURNER'S HANDYBOOK. A Practical Manual fir 
Werktrs at the LatAc : Embmcing lafonnation on the Tools, Appliances and 
Processes Employed in Wood Turning. By Paul N. Hasluck. With upwards 
of One Hundred lUustrations, CionoSvo, 21. clQlh. 

" Wa ncomiDend Ihs book to ymiilE tumsn ud ■malcun. A mulliludg oT werkiaCO blTC hillMIta 
uujhl in nin [or ■ mnaiuil of thii ipocul iodiutrv."— J/(ctiH>ca/ Wirld. 

WOOD AND METAL TURNING. By P. N. HaSLUCK (being the 
Two preceding Vols, bound together). 300 pp., with upwards of 200 IllustratioDS, 
crown 8vo, jr. &/. cloth. 

Match Repairing. 

THE WATCH "/OBBER'S HANDYBOOK. A Practical Manual 
on Cleaaiiig, Repairing attd Adjusting. Embracing Infomiatian on the Tools, 
Materials, Appliances and Processes Employed in Witchworlt, By Paul N. 
Hasluck. With upwards of One Hundred lUustralions. Crown 8to, is. cloth. 
"AIL youns pcrvoru connected wilfalhe mdcihouLd tcqui/e bid itody tlui axcoILeat, uid x\ like 
same time, ioeipenti>e vwk."—CltrktmitU CKmieU. 

£look Repairing. 

THE CLOCK JOBBER'S HANDYBOOK : A Practical Manual on 

Cleaning, Repairing and Adjviling. Embracing Information on the Tools 
Materials, Appliances and Processes Employed in Clockwork. By Paui. N. 
Hasluck. with upwards of loo Illuslmtions. Cr. 8vo, is. cloth. 
" Of ioullmibla Eervice to thoH commeaclni (hs mdii."—Cmeiitry Standard. 

WATCH AND CLOCK JOBBING, By P. N. Hasluck (being the 
Two preceding Vols, bound together). 320 pp.. with upwards of 200 IllusCmions, 
crown 8to. 31. 6rf. doth. 

Pattern Mailing. 

THE PATTERN MAKER'S HANDYBOOK. A Practical Manual, 
embracing Information on the Tools, Materials and Appliances employed in Con- 
structing Patterns for Founders. By Paul N. Hasluck. With One Hnndred 
II lustrations. Crown 8vo, 3t. doth. 
"This Handy volume contaioi uund LDTaniiaLioa of consdeiablQ value Eoitudanti and aztificen."— 
Jlardvtarr Trade youraal. 

Mechanical Manipulation. 

THE MECHANIC'S WORKSHOP HANDYBOOK A Practical 
Manual en Mechanical Manipulalian. Embracing Infonnatioa 00 various Haodicrafc 
Processes, with Useful Notes and Miscellaneous Memoranda. By Paul N. 
Hasltjck. Crown 8vo, is. cloth. 
''It is a book which ihould be fouad ia every votlr^wp. ai it U one whleh^iU be conliaQallT 

referred to far a very f leat amount of standaid information." — ^atvrdny Revitm. 

JHodal Engineering. 

THE MODEL ENGINEER'S HANDYBOOK.- A Practical Manual 
an Model Steam Engines. Embracing Infomiatioa on the Tools, Materials and 
Processes Employed in their Construction, By Paul N, Hasluck. With upwards 
of 100 Illustrations. Crown 8vo, 3r. cloth. 
" By carerullv gaing thraagb Iba work, ■miienra maj tdcli np ui excBlIsat notion ol tba con- 
3Uncliin of full-ilied Maam sngiDci."— 7<I(fra^litc Jainiai. 

Cabinet Making. 

THE CABINET WORKER'S HANDYBOOK: A. PnCAaXU^aMal 
embracing Information on the Tools, Materials, Appliances aod Processes cra- 

Sloyed in Cabinet Work. By Paul N. Hasluck, Author of " Lathe Work," 
c. With upwards of 100 Illustrations . Crown Sto, 3i. cloth. \y>"l pnhlithtil. 
'• Thoranihly practical Ibresghent. The amalrar workar in wood wil Sod ll nunt duFdI."— 

Glaigtm HtraU, 
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Eleotrolyaia of Gold, Silver, Copper, &o. 

ELECTRO-DEPOSITION : A Practical Treatise on the Electrolysis of 
Gold, SQver, Copper, Nickel, and other Metals and Alloys. With descriptions of 
Voltaic Batteries, Magneto and Dynamo- Electric Machines, Tbennopiles, and of 
the Materials and Processes used in ereiy Department of the Art, and severjl 
Chapters on Electro-Mktalluiigv. By Aleicander Watt, Anthor of 
"Electto-Metallutxy,"itc, With numerous niastrations. Third Edition, Revised 
and Corrected. Crown 8vo, 91., cloth. 
" £minsit]y a book for the pmctical vorkei in alcctm-dcpoiition. II contxins pnctical dcicriplioiK 

of mcihodi. piDceoa and nuterialt, u ictuallr punuwl gmd UKd in the iMiAi\ii^''—Eiigiiutr. 

Eleotro-MetaHurgy. 

ELECTRO-METALLURGY ; PracHeaUy Treated, By ALEXANDER 
Watt, Author of "Electro-Deposition," &c. Ninth Edition, Enlarged and 
Keiised, with Additional lUustrotions, and including the most receni Processes, 
lamo, t^. cloth boards. 
" From [hit booli both mnucur aod iniiaD may leam (Tciylhing neceuuy For the luccculul piD- 

KecuUDD of electmpbtinK."— /nm. 

Eleatropiating. 

ELECTROPLATING: A Practical Handbook on the Deposition of 

Copper, Silver, Nickel, Gold, Alaminiuni, Biass, Platinum, &c. &c. ; with 
Descriptions of the Chemicals, Materials, Batteries and Dynamo Machines used in 
the Art. By J. W. Urquhabt, C.E., Author of " Electric Light," &c. Second 
Edition, Revised, with Additions. Numerous Illuslralions. Crown 8vo, 5/. doth. 

** An BicelleDt practical manual.'* — E^ginan^g. 

■'An exceUcnl work, giving the newest mf or maLion.*'— if oro/oficof J0vr«4^. 

£lectrotgping. 

ELECTROTYFING : The Reproduction and MuttifiHcaHm of Printing 
Surfaces and Works of Art by the EUetro-depositiBn af Metais. By J. W. Urquhart, 
C. E. Crown 8vo, t,s. cloth. 
" Th« book is tborouEhlj pnciical \ ths rrader is, itierefoR, conducted througb the leading tawi of 

«lectricitv. ilien EhrmiEhihe raetalKUKd by EtectmEypen, the appaialus, and the depoaiing proceu», up 

lolhefi^ preparadonoFthewark.''-.1r(7sii>wi/. 

Ooldsmittts' Work. 

THE GOLDSMITH'S HANDBOOK. By GEORGE E. Gee, Jeweller, 
&c. Third Edition, considerably enlarged. Izmo, y. 6d. cloth boards, 
-'.^good, sound ■ducalor.andwiUbegsDeially accepted as an authority."— //frf/itfi'nrJ^BHnuf. 

Silversmiths' Work. 

THE SILVERSMITH'S HANDBOOK. By George E. Gee, Jeweller, 
&c. Second Edition, Revised, with numerous Itlusts. l2mo, 3^. 6d. cloth boards, 
"Tliecliief meril of the work is its practical characler. . . The workcts in the tndc will speedily 
discover its merits when they ail down to study iL"—£>v<^'* Mtchojtic. 

' ^* TAt aimie two woris togttker, stron^y half-bound, priet "js. 

Bread and Biscuit Baking. 

THE BREAD AND BISCUIT BAKER'S AND SUGAR-BOILER'S 
ASSISTANT. Including a Uree variety of Modem Recipes. With Remarks on 
the Art of Bread-making. By Robert Wslls, Practical Baker. Second Edition, 
with AdditioniBl Recipes. Crown 8vo, aj. cloth. [Jast puiliihtd. 

"Alar^ number otwriokJesfor the ordinary cook, as well as the btitvi."—Si>iutday RaiOB. 

Confectionery. 

THE PASTRYCOOK AND CONFECTIONER'S GUIDE. For 

Hotels, Restriurants, and the Tnide in general, adapted also for Family Use, 
By Robert Wblls, Author of " The Bread and Biscuit Baker's and Sugar Boiler's 
AsBstanl.'' Crown Svo, aj. cloth. [Jttst piAHikei. 

"WecannolBpeakioohictily of ihisraall^eieellanlKork. In theiedaTs of ksea compatliion 
oar raadera caAnot do better chan purcbase itui book," — EiAtfs Tima. 

Ornamental Confectionery. 

ORNAMENTAL CONtECTIONERY : A Guide for Bakers, Con- 
fectioners and Pastrycooks ; including a Variety of Modem Recipes, and Remarks 
on Decorative and Coloured Work, With 129 Original Desigiis, By Robbrt 
Wblls, Practical Baker, Author of "The Bread and Biscuit Baker's and 
Sugar-BoUer'a Assistant," &c. Crown Svo, clothgilt, ^, \Jmt fublisMed, 

•• A valnabls work, practical, and should be in the bands of every baker and confectioner. Tbe 
UllHIralive dasigni aro alone wotih ueble Ihe amount cbarnad for (be wbole work."— fla*(rt Timet. 
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Laundry Work. 

LAUNDRY MANAGEMENT. A Handbook for Use in Private and 

Pablic lAundriet. Ineludiiig Descriptive Accounts of Modem Maduoeij and 
Appliuices for Lanndiy Work. By the EdITOK of " The Laundry Journal." With 
numeroiu lUustrations. Crown 8vo, is. 6d. cloth. 
"Thii book sboald ceruinrT occopr u hoaaared pltcg on lbs sbslvn of all boaiekeepaca who 
wish to keep Uumaelvetaii coim»( o( the newol »ppll»nces and meihodi."— r** Queen. 

Horology. 

A TREATISE ON MODERN HOROLOGY, in Tfuory and Practict. 
Translated from the French of Claudius Saunie«, en-Director of the School of 
Horology at Macon, by JULlEK Tripplin, F.R.A.S., Btsancoo Walch Hana. 
facturer, and EoWARn RlGC, M.A., Aisayer in the Royal Mint. With Seventy- 
Eight Woodcuti and Twenty-Two Coloured Copper Plates. Second Edition. 
Super-royal 8vo, £i 2t. cloth, jfa lar. half-calf. 

" Tbcic k DO horo!a|ical work in Ihc Engliih laoEuan at all to be compand to thia prodiictic 
M. Saunier'i ror cliarncu aad camplEienHi. It ii alike good u a luids tar ibe nudeDI ud 
reTerenee for the experienced horalogiKI and ikilLed workmaD.'' — /ioroiogical yonrttai- 

".The latest, the moat complete, and the msM Tellable of thoie liliruy producdoni to which coe- 
tinental unKchmaketm are indebted for the mechamcal euperiority over their Englisfa bnihiea — io b£t, 
the Book of Booki, ii M. Saiuiier>a ' Trsalue.' " ^WalciimaJltr, Jtwttlrr, amj SUutrtwdlh. 

Watehmaking. 

THE WATCHMAKERS HANDBOOK. Intended as a Workshop 

Companion for those engaged in Watchmaking and the Allied Mechanical Arts. 
Translated from the French of Clauoius Saunibr, and considerably enlarged by 
JuLiXN TjtippLiN, F.R.A.S., Vice-President of the Horological Institate, and 
Edward Rigg, M.A., Assayer in the Royal Mint. With Numerous Woodcuts 
and Fourteen Copper Plates. Second Edition. Revised. With Appendix. Crown 
Svo, 91. cloth. 

" Eadi part » truly a treatue in itaelf . The aTTansCEment a good and the language ie dear and 
concitf. It u an admirable guide far the ynmc mlchaiakei."— .E«tiikW>v. 

" It i> impowible to ipeak loo hichly of iK eicelleiKe. II fulfiia every requiienent in a bandboak 
inteoded foi the uie of a woikniaa. Should be found in every woikihop.''— H'afc* »/ OtctmMjKr. 

—•— "—UraUAmaJiiramJ Mtlai7«,T*n- (Chicago). 



CHBMICAL MANUTAOTURES AND COMMZBCE. 

7hB Alkali Trade, Manufacture of Sulphuric Acid, &c. 

A MANUAL OF THE ALKALI TRADE, including the Manufacture 
of Sulphuric Acid, Sulptwte of Soda, and Bleaching Powder. By John Lomas, 
Alkali Manufacturer, Newcastle-upon-Tyne and London. With 232 Illustrations 
and Working Drawings, aad containing 390 pages of Text. Second Edition. 
with Additions. Super-royal 8to, /'1 lOi, cloth. 

"Tfailbook UWlitten by a maaufaeturer fur numnfirnim'-. The mriiLnir delaili nf the mrru an. 

proved fbrUB of ■ ' — -- j-i .. 



but ■w^h an gduiallj DrerioDked by even eipericDCed Kcliiiolcvlbil auihen.*— Cjlni^W Rta 

The Blowpipe. 

THE BLOWPIPE IN CHEMISTRY, MINERALOGY, AND 
GEOLOGY. Containing all known Methods of Anhydrous Analysis, many Work- 
ing Examples, and Instructions for Making Apparatus. By Lieut. -Colonel W. A. 
Ross, R.A., F.G.S. With I30 Illustrations. Second Edition, Revised and En- 
larged. Crown Svo, 5/. cloth. 

d minBUlo^ than if 



audcDI who goei coiudenciiwily tSirough the raune of eaperimenlatioa hen Ud doim vill 
Cain a better insight into jnorganic chemistry and minoalo^ than if he had ' got up ' any of the beex 

Commeroial Chemical Analysis. 

THE COMMERCIAL HANDBOOK OF CHEMICAL ANALYSIS. 
or, Practical Instructions for the determination of the Intrinsic or Commercial Valoe 
of Substances used m Manufactures, in Trades, and in the Arts. By A. Normandy, 



Editor of Rose's "Treatise on Chemical Analysts." New Edition, to a great 

-vwrittenby Henry M. Noad. Ph.D., F.R.S. With numerous lUus- 

Crown 8vo, 121. 6d. cloth. 



'We ttrongly ttcoininend this book to our reiden u a guide, alike indiipennble to the houagvifii 
die phaimaceuiical praciitianer.''~tf<^ua; Tima. 

I EeHoiial to the analyici a()^Ialed under iha new AcL The most iccent leiults aie Riven, and the 
ia iirell edited and carefullv written."— /^ofjfrv. 
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Breming. 

A HANDBOOK FOR YOUNG BREWERS. By Herbert Edwards 
WfUGHT, B.A. An entirely New Edition, much Enlarged. [/u the press. 

Analifsls and Valuation of Fuels. 

FUELS: SOLID. LIQUID AND GASEOUS, Thnr Analysis and 

VaiuatioH. For tbe Use of Chemisti and Engineers. By H.J. PhiLlifs, F.CS., 
Analytical and Consulting Chemist to the Great EwMem Railway. Ciown Svo, 
y. bd. clolh. \Jusl publiskid. 

" Oogbt lo baVB its place in the UboiHtory ol iiery mstaUargical sitabliahmeat, and wbececci 
" Mr. Phillipi' new book canaot fail 10 be of irido iniBreat, asptciallj it ibe prMent time,"— 

Dye- Wares and Colours. 

THE MANUAL OF COLOURS AND DVE-IVARES: Thar Pro- 

pertits, Applitatiens, Vatuaiion, Impurititt, and Sopkistkatiant. For the use of 
Dyers, Printers, Drysalters, Brokers, &e. By J. W. SLATER, Second Edition, 
Revised and greatly Enlarged, crown Svo, "ji. id. doth. 



Pigments. 

THE ARTISTS MANUAL OF PIGMENTS. Showing their Com- 
position, Conditions of Permanency, Non- Permanency, and Adulterations ; Effects 
in Combination witL Each Other and with Vehicles \ and the most Reliable Tests 
of Purity. Together with the Science and Arts Department's Examination Ques- 
tions on Painting. By H. C, Standagk. Second Edition, crown 8»o, ii. 6rf. cloth, 
"Thifl workii indeed mHttHBt-in-par-BO, and we can, with food contcienc?, Tecommand it Lo all who 
come in codIacL wiib pigmcDU, whether u maken, dealeit, or astTt."-^^micaI Ktvuv, 

Gauging. Tables and Rules for Reuenae Qffioers, Brewers, &c. 

A POCKET BOOK OF MENSURATION AND GAUGING: Containing 
Tables, Rnles and Memoranda for Revenue Officers, Brewers, Spirit Merchants, &c. 
By J. B. Mant (Inland Revenue). Second Edition, Revised. Oblong iSmo, fj. 
leather, with elastic band. [Just pi^Hshid. 

" This handy and ukCuI hook ia adapted £o Iha nguircmenti of the Inland Revenue DepanineDt. 
and will bo a lavouiite book of itferFiice. The rango ol iiibjecu ia compreheaiive. and Iha amDjemail 



AaBZCnLTimS, farming, OABDENINa, eto. 

Youatt and Burn's Complete Qrazler. 

THE COMPLETE GRAZIER, AND FARMER'S AND CATTLE- 
BREEDER'S ASSISTANT. A Compendium of Husbandry ; especially in the 
departments connected with the Breeding, Rearing, Feeding, and General Manage- 
ment of Stock ; the Management of the Dairy, Sic. With Directions for the Culture 
and Management of Grass Land, of Grain and Root Crops, the Arrangement of 
Farm Offices, the use of Implements and Machines, and on Draining, Irrigation, 
Warping, &c.; and the Application and Relative Value of Manures. By William 
Youatt Esq., V,S., and Bubrrt Scorr Burn. A New Edition, partly Re- 
Writtten and greatly Enlarged by W. Fream, B.Sc. Lond., LLD. One large 8vo 
Volame, nearly l,ooo pages. U" pnparatiaH. 

Agricultural Foots and Figures. 

NOTE-BOOK OF AGRICULTURAL FACTS AND FIGURES 
FOR FARMERS AND FARM STUDENTS. By Primrose McConnell, 
Fellow of ihe Highland and Agricultural Society; late Professor of Agiiculture, 
Glasgow Veterinary CoU(^. Third Edition. Royal 3Mno, full roan, gilt edges, 
with elailic band, 4J. 
" The mou complele and compnAenaive Note-book for Fanneta and Vwra Students thai we h»» 

MO. It lilenUy leeou with ia^mation and wa can cordiaUy reonmmend it » all cooneeted wirt 

aa'ievdturo."— rf""* Bril/s* AericiHiKriil. 



j5 CKOSBV LOCKWOOD *■ SON'S CATALOGUE. 

Ffour Manufacture, Milling, etc. 

FLOUR MANUFACTURE ; A Treatise on Milling Science and Prac- 
tice. B; Friedrich Kick, Imperial Regieningscath, Frofessar of Mechanical 

Tcdinology in the Imperial German Polylechnic Institute, Prague. Translated 
from the Second Enlarged and Revised Edition witb Supplenieni. By If. H. P. 
PoWLEs, Auoc Memb. Institution of Civil Engineers. Nearly 400 pp. lUustnted 
with 28 Folding Plates, and 167 WoodcuW. Roy. ivo, 25J. doth. 
" Thii valuiblc work it, and will Rmun, iha ituidard miihoriiy on the uuncc of niiUiiii. . . . 
ThcmiUer wha has read uid cli|«lcd (hit trorituriU have iHld the fobudaCioo, w to ipeak, bf a nccenfill 

^...^._. 1.- ....11 1 — _ _ — :_j ^ . 1 d gfoanl priadpLet which ho can ]»«c«l 10 apply. In thii 

ntad tcx^book of """"' — ~""" — — "" "" """■ '^--^-'' 



Lndtomo voluma we at Utt have the acGeptad tcx^book of modem DiiiliqE in eood, loiiDd EnaU«lu 
hick hu liiile, if uy, mce of Ike Genua Idiom."— nii Millir. 

HTk in Enctiili i( very < 

H of iu pago."— JfiV/m 



IM appeanac« or Ihit celetqrated arork in Eufliih it very opponuDe, and Bdli&h millcn will* vi 
.not bellow' ■■- ■- ' '- " —"--■*-- ■■ 



Small Fanning. 

SYSTEM A TIC SMALL FARMING s or. The Lessons of my Farm. 
Being an Introduction to Modem Farm Practice for Small Farmers in the Culture 
of Crops ; The Feeding of Cattle; The Management of the Dairy, Poultry and 
Pigs ; The Keeping of Fatm Work Records ; The Ensilage Syitem, Constmction 
of Silos, and other Farm Buildings ; The Improvement of Neglected Farms, Stc. 
By ROBBRT Scott Burn, Author of "Outlines of Lauded Estates' Maoanment," 
and"OutliBes of Farm Management," and Editor of " The Complete Gtaiier." 
With numerous lUustratioDs, crown Siro, 6^. cloth. 
"ThLi ii the CDDipleteit book of iti clan we have leeii, uid one wbltji cverr amUeur £maer will 

read with pleaure, aad accept u g si^itr—fUU. 

*'Tlie volume cE^tsinia vast amoLmt ofuKTul iDformatLOD. No branch oFfarminK U left uatoadied, 

frODi the labour to be done to the reiulu achieved. It may be ufely reconHsended to all who thiiih they 

will be in paradiic when Ihey buy or real a thcee-acre fann."— CZniffru Hiratd. 

Modern Farming, 

OUTLINES OF MODERN FARMING. By R. ScoiT Burn. Soils, 
Manures, and Crops — Farming and Farming Economy — Cattle, Sheep, and Hoises — 
Management of Dairy, I'igj, and Ponttry — Ijtitization of Town-Sewage, Irrigation, 
etc. Sixth Edition. In one vol., 1,250 pp., half.iiound, profusely lUastnUKl, \tt. 

thi»»lm he haamccecded ro a degree *bich eniiilea him to much OKMi"— hfominz Advtriittr. 
" He fanner ahould be withoul (hil book."— Aan/'urr Guitniiail. 

Agricultural Engineering. 

FARM ENGINEERING, Tkt Complete Text-Book of. Comprising 
Draining and Embaitking ; Irrigation and Water Supply ; Farm Roadt, Fences 
and Gates ; Farm Buildings, their Arrangement and Construction, with Flans and 
Estimated i Bam Implements and Machines ; Field Implements and Machines : 
Agricultural Surveying, Levelling, &c. By Professor J OH N ScOTT, Editor of the 
"Farmers' Gazette," Ute Professor of Agriculture and Rural Economy at the Royal 
Agricultural College, Cirencester, &c. &c. In one vol., 1,15a pages, half-bound, 
with over 6ao lllnatrations, 1 is. 
"VfiUBX with great care, >i well as with knowledie and ahilily. The author bai done hii work 

well ; we have found bim a very truKwonhy fuide whenvet we have teated hia iiatementa. Tlio volume 

will be of great value to agriaUtuntl ttudenta.'- -Mark Loju Exfims. 

" For a young agiiculiuiin we know of no handy volsme likely to ba more uiefullv nudied."— 

BflTt Ifukl, UHimtw. 

English Agriculture. 

THE FIELDS OF GREAT BRITAIN: A Text-Book of Agriculture. 

Adapted to the Syllabus of the Science and Art DepartmenL For Elementary and 
Advanced Students. By Hugh Clements {Board of Trade). Second Edition. 
Revised, with Additions. i8mo, 2r. dd. doth. [Juil fiuhlished. 

"A dioAt comprehensive volume, giving a mau of inrormalion," — AgrtcuitMrai Enmfmut. 

"It iia iong time «lnce we have lecn a book which bai pleased 111 more, or whicfa conlain such a 
nit vid lueful fund of knowledge " — Educatianai Timet. 

Tables for farmers, &c. 

TABLES, MEMORANDA. AND CALCULATED RESULTS for 
Farmer!, Graiiers, Agriculttiral Students, Suro^/ers, Land Agents, Auctioneers, lie. 
With a New System of Farm Book-keeping. Selected and Arranged hv SiDi4By 
Francis. Second Edition, Revised, 172 pp., waistcoat-pocket nae, limp 
leather, 11. fsd. \Jutt puiiii/ud. 

facta and calculaiiDaB which has never before, in tut^ handy form, twen obtainaUe. Kvery apera- 
lioaonihafuinladealtwiib. The work may be lalien aa ihoroaghly accuraie. Iba xhola of ihs 
tabl« bavlnc bMn Tevl««] by Dr. Pteam. We enrdiall); recommend iV—BtlFs Weikly Mrsmeir. 

diuppoinled with hii inveilment."— rtit Farm. 
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Farm and Estate Book-keeping. 

BOOK-KEEPING FOR FARMERS AND ESTATE OWNERS. 
A Practical Treatise, pieseoting, in Three Plans, a Srstem adapted for all Clatses 
oC Farms. By Johnson M. Wooduiln, Cbarteicd Accoantant Second Edition, 
Revised. Cr. Svo, 31, W. cloth boards ; or, v. bd. cloth [imp, \Just pt^Hshed. 
'■ The voluine it ■ caixul midjr of kmuu imporaionubjeei."— .^/»iiii/(ii(iWCi»«(». 
"Will be found of CTcm uiutaace bf thoae vbo intend to cammencc n syBtemof book-lree[nng, Ibe 
author*! CIHmpLeB beiuB clear and eiphcLI, and bii CjcpLanationi, while full And accuntc, beiuB to a 
large eirceat fn« Axim techaicaiiticL" — Lm* Sttck yaunial- 

" The younr fJinDCT, land aMtat, aad AunreyoT will find llr. Woodinui'i treatiia nan duo npay 

Farm Account Book. 

iVOODMAN'S YEARLY FARM ACCOUNT BOOK. Giving a 
Weekljr Labour Account and Diary, and showiog the iDCome and Eipenditurc 
under each Department of Cropa, Live Stock, Dairy, &c. &c. With Valuation, 
Prolil and Lou Account, and Balance Sheet at the end of the Year, and aa Ap- 
pendix of Fornu. Ruled and Headed for Entering a Complete Record of the Fann- 
ing OpeiBtiona. By Johnson M. Woodman, Cbartered Accountant, Author 
of " Book-keeping for Faimen." Folio, ^t. 6d. half-bound, 
" Coniiitu every rcqniiiie fom for keepioE <*"> aceonnti readily and tccaraUly."—AiruuUiin. 

Early Fruits, Flowers and Vegetables. 

THE FORCING-GARDEN : or, How to Grow Early Fruits, Flowers, and 

Vegetables. With Plani and Estimates for Building Glasshouses, Pits and Frames. 
Contuning also Original Plans for Double Glazing, a Nev Method of Growing the 
Gooseberry under Glass, &c. &c., and on Ventilation, Protecting Vine Borders, &c. 
With nlustrations. By Samubl Wood. Crown Svo, y. 6rf. cloth. 
" A good book, and fairly filb ■ phice that wai in tone dezTH vacaol. Tbe boak ii wrilten wiih 

"Mr.'Wood'l hook ii an DriiiDa] and eahauidTe 'aaiver la the queilion, 'How to C»ir Early 
Fruit), Flourcn and WKgaiAAaf^'—Lanit and WaUr. 

Good Gardening. 

A PLAIN GUIDE TO GOOD GARDENING; or, How to Grow 

Vegetables, Fmits, and Flowers. With Practical Notes on Soils, Manures, Seeds, 
Planting, Layine-out of Gardens ind Grounds, &c. By S. Wood. Fourth EditioD, 
with considerable Additions, &c., and numerous Illustrations. Cr. Svo, y. bd. cloth. 
"Avery aoodbook, and one ta be biably recommended ai a practical fuide. Tba practical dirvc- 
nni an BiaTta\l."~ArJuiutMm. 

" May be recommended toyounjfgardenen.cottagen^and tpecially to amal«Bn, tor the plain, lUBple, 
and tnutwDithy information it aivea on CDmmoQ matlert too oficD ncElccted." — Gar^tHtr^ Clitmiclt. 

Gainful Gardening. 

MULTUM-INPARVO GARDENING; or. How to make One Acre of 
Land produce j£6lo a-year, by the Cultivation of Fniils and V^;etables ; also. How 
to Grow Flowers in Three Glass Honses, so as to realise^l76 per annum clear Pro- 
fit. By Sauuel Wood, Author of " Good Gardening," &c Fifth and Cheaper 
Edition, revised, with Additions. Crown Svo, is. sewed. 
"We aic bound tonconunend it as not only tuiied to the cue of the amateur and leiulemas'* tar- 
dener. but to the outket i^i^vet''^Cafdtiuri' MajiosiHt, 

Gardening for Ladies. 

THE LADIES' MULTUM-IN-PARVO FLOWER GARDEN, and 

Amateurs' CemfUU Giade. With Illusts. By S. Wood. Cr. Svo, 31. dd. cloth. 
*' Full of ihreW bintt and useful iniirucEioru, bated on a lifetime of eKpericnce."— ^Scv'tiiwJa- 

tteoeipts for Gardeners. 

GARDEN RECEIPTS. Edited by Charles W. Quin. i2ino, is. M. 

"A utefifl ind bandy book, containing a good deal of valuable iDformation." — Attttn^itm. 

Market Gardening. 

MARKET AND KITCHEN GARDENING. By Contributors to 
"The Garden." Compiled by C. W. Shaw, late Editor of "Gardening Illus- 
trated." tzmo, 3r. 61/. doth boards. [^fitsf fuitisied. 

" The nml valuable coDpendium of kitcheu and nurl(e(-.garden mrk pabtuhed." — Farmtr, 

Cottage Gardening. 

COTTAGE GARDENING; or, Flowers, Fruits, and VegtlaiUt fo* 

Small Gardens. By F.. HonnAV. 12010, ij. &/. cloth limp, ^| .. 



Bifle 
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LAND AND ESTATE MANAaSMEHT, LAW. etc. 
Hudson's Land Valuer's Pooket-Booh. 

THE LAND VALUER'S BEST ASSISTANT: Being Tables on a 
very much improved PUo, for Calculating th« Value of Estates. With Tables for 
reducine Scotcb, Irish, and Provincial Customaty Acres to Statute Mcasiue, && 
By R. Hudson, C.E. Nev Edition. Royal Jimo, leather, elastic band, \t, 
"Thii MW edidon incluils tablei for uccrtaishig tbc value of l«uci for aoy tetm of vcii and 
fnrihDwing tiour to lav out plots of Eniunil of cetuio acm in fonos, tquare, round, ftc wilh valuable 

Ewart's Land Improuer's Pooket-Book. 

THE LAND IMPROVER'S POCKET-BOOK OF FORMULA, 

TABLES, and MEMORANDA requtrid in any CBBtpulalimi relating ta tht Pa- 
tent Improvimtnt of Jjindid Praperty. By JOHN EwaRT, \xD.t Surveyor and 
icultural Engineer. Second Edition, Revised. Royal 32mo, oblong, leather, 
edges, with elastic band, 41. 
*'A cDmpeitdimiB and handy liiile valumc." — SpKlator. 

Complete Agricultural Surveyor's Pocket-Book. 

THE LAND VALUER'S AND LAND IMPROVER'S COMPLETE 
POCKET-BOOK. Consisting of the above Two Works bound together. Leather, 
gilt edges, with strap, 71. (>d. 
" Hudion'i book a, the bat teady-reckonsr on mattcn rcladng to the vdumion of land and ctopi, 

and it! CMnlsaalioo with Mr. Ewait's wotk grHilly mhirces Ihe Talue ind mefulnesi of the Ulter- 

Auotioneer's Assistant 

THE APPRAISER, AUCTIONEER, BROKER, HOUSE AND 
ESTATE AGENT AND VALUER'S POCKET ASSISTANT, for the 
Valuation for Purchase, Sale, or Renewal of Leases, Annuities and Reversions, and 
of property generally; with Prices for Inventories, &c. By John WuBBLBlt. 
Vainer, &c. Fifth Edition, Re-written and greatly Extended by C. NOKuls, Sur- 
veyor, Valuer, &c. Royal 33mo, y. cloth. 
"A uiE aod coDciK book of refcroDce, coouming in admirable aad deirlyimiiEed lin 



Auotioneering. 

AUCTIONEERS: Their Dutiei ana Uabilitits. A Manual of Instruc- 
tion and Counsel for the Young Auctioneer. By Robbkt Squibbs, Auctioneer. 
Second Edition, Revised and partly Re-writteu. Demy 8vo, lis. M. cloth. 

[7uit/mi2iiAta. 
"The poiitian aad dutiei of luctiooeen treated comptodiouily sad cJeirl;." — Bmlldtr. 

"OfBRatvatuetolheprofeuioo. . . . WEreulily irElcome ihii book from Ehefiictthatittrtati 
(he nibjecl ia a uaauer umcwlut acw to iifpioftBioa."—EilatctCattltr. 

Legal Guide for Pawnbrokers. 

THE PAWNBROKERS', FACTORS' AND MERCHANTS' 
GUIDE 70 THE LAW OP LOANS AND PLEDGES. With the 
Statutes and a Digest of Cases on Rights and Liabilities, Civil and Criioinal, as to 
Loans and Pledges of Goods, Debentures. Mercantile and other Secuiilies, By 
H, C. FOLKARD, Esq., Barrister-at-Iiw, Author of " The Law of Slander and 
Ijbel,'' Slc. With Additions and Corrections. Fcap. 8vo, 3s. dd. cloth, 
"Thii wock cODtMini aimplit evoytliiiig that requiru to ba knovm coaCEininjc the dnurtmenl ol 

the law of which it u»u. We cbd lafcly gooimeod tin book u unique and vety nearly peiliet.''— /m., 
** The u>k usdertakea by Mr. Folkud hai been very auufactorily pcHbnned. . , . Such 

RpUnilianj M are needful haire been upplied with (reu clearncH and with due regud to breruy." 

Cilf Prtu. 



LAND AND ESTATE MANAGEMENT, LA W, ^c. » 

Lam of Patents. 

PATENTS FOR INVENTIONS, AND HOW TO PROCURE 
THEM. Compiled for the Use of InveDlon, PatcDtees and other*. By G. G. M. 
Harsinghau, Assoc. Mem. Inst, CE., &c. Htxaj 8vo, clolh, price V. 6d. 

\Just jmtliihtd. 

Metropolitan Rating Appeais. 

REPORTS OF APPEALS HEARD BEFORE THE COURT OF 
GENERAL ASSESSMENT SESSIONS, from the Year 1871 to 1885. By 
Edward Rvdb and Abthub Lvon Rvdk. Fourth Edition, brought down to 
the Present Date, with an Introduction to the Valuation (Metropolis) Act, 1869, 
and an Appendix hy Walter C. Rvdb, of the Inner Temple, Barrister-At-Lair. 
Svo, l6r. cloth. 

" A uuful vork, occupTinjE ^ pl^ce nud-way bvtircBn ■ hMndbook tor a Uwycr aod a guidd to th* 
surveyor. It is compiled b^ a gaailcaaaij emlDcac in hii profHiiiKi u a land aE™E. wImh nHnBltv. it is 
acknowledged, lies in the direction of auevung prope n y for ntiDi putpotet.'^^^'u 

" It is an indiipeasabla work of refereoce far all eo^iaged la asses! 
Cm Ligklimr. 

House Property. 

HANDBOOK OF HOUSE PROPERTY: A Popular and Practical 
Guide ie the Punhate, Msrtga^e, Tenancy, and Ccmfuhury Sale of Hnues and 
Land, including the Law of Dilapidations and Fixtures : with Examples of all 
kinds of Valuations, Useful Information on Building and Suggestive Eluddations 
of Fine Art. B7 E. L. Tarbuck, Architect and Surveyor. Fourth Edition, 
Enlarged, izmo, y. cloth. 

"The advice a thoroughly piaciicJ," — Cmn 7™'"^- 

"For all who have dealings with houH property, this sau bdispensable guide."— CkdriJud. 

" Carefully braoaht up la date, and much improved by ibe addltioa of a dtviiion on Pine AH. 
.... Awell-wnltenandlhougbtfulwork."— Laad.4gn('iSicorJ. 

tnwood's Estate Tables. 

TABLES FOR THE PURCHASING OF ESTATES, Freeheld, 

Copyhold, or Leasehold ; Annuities, Advtwsons, &v., and for the Renewing of 
Louea held under Cathedral Churches, Collies, or other Corporate bodies, for 
Terms of Veais certain, and for Lives ; also for Valuii^ Reveisionarr Estates, De- 
ferred Annuities, Next Presentations, &c ; together with Shakt's Five Tables of 
Compound Interest, and an Extension of the same to Lower and Intermediate 
Rates. By W. INWOOD 23rd Edition, with considerable Additions, and new and 
valuable Tables of Logarithms for the more Dillicull Computations of the Interest 
of Money, Discount, Annuities, &c., by M. Fedor Thoman, of the Sod^ Cr^t 
Mobilier of Paris. Crown Svo, &. doth. 
"Those interasted in the purchase and ule oT estates, and in the adjuSmenl of comiKniation cases, 

" ' Inwood's Tables ' still maintain a noit enviable leputnlion. The new isiue bai been eorichid by 
iBiy#. additiooBl contributions by H. F^dor Thoman, wbose careTully-ananged Tables cannDi fail to be 
of the utmost utjlity."— jIfimV Jtuntal. 

Agriouitural and Tenant-Right Valuation. 

THE AGRICULTURAL AND TENANT - RIGHT -VALUER'S 
ASSISTANT. A Practical Handbook on Measuring and Estimating the Contents, 
Weights and Values of Africultural Produce and Timber, the Valnes tA Estates 
and Agricnltnial LAlionr, Forms of Tenant- Right- Valuations, Scales of Compensa- 
tion under the Agricultural Holdings Act, 1SS3, &c. &c. By Ton BRIGHT, 
Agricnituial Surveyor. Crown Svo, 31. 6d. cloth. 
" Yv& of tables and examples in i»snecdoa with the valuation of tenant-right, estatM, labour, cm- 

teits and weights or timber, ud fann produce of all kindiV — AmcultmrmlGaMtlti, 

" Ad emineully practical haodbook, full of practical tables and data of untiouhiod interest and value 

to tweyora and auctioneos in preparing valuations of all kinds." — Farmer. 

Plantations and Underwoods. 

POLE PLANTATIONS AND UNDERWOODS : A Praaical Hand- 
book on Eslimaling the Cost of Forming, Renovating, Improving, and Grabbiof 
Plantations and Underwoods, their Valuation for Purposes of Transfer, Rental, 
Sale or Assessment By Tom Briqht, F.S.Sc, Aathor of " The Agricultural and 
Tenant- Right- Valuer's Assistant," &c Crown Svo, y. &/. doth, [yusi fuilishtd. 
iVill be found very useful 10 those who are actually eogagBd In muiBjpiig wood."— SiM't 



WfUyttBtngn. 

"tor-' ' 
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i preparing valuations of all' kinds."— KmT' 



4fi CROSBY LQCKWOOb 6* SONS CATALOGUE. 

A Complete Epitome of the Laws of this Country. 

EVERY MAN'S OWN LAWYER: A Handy-Book of the PHtieif Us 
ef Law and Entity. By A Babbistbr- Twenty-eigbth Edition. Revised and 
Enkif^. Including the Letrislation of 1S90, HOd induding careful digesls of The 
BaMruUcy Act, 1890 ; the Dinciers Liability Act, 1890 ; the Parlntrship Act, 
1S90; the IiUiilalci Eslalts Act, 1S90 ; ^ht Sitlted Landed, 1890; the H<mHng 
of the IVerking Claistt Act, 1890 ; the In/ecHom Disiase (Prevention) Act, 1890 ; 
Uie Allalmentt Act, 1S90 ; the Tenimii' CampeHsaiion Act, 1S90 ; and [be Tnatett' 
AtfeiMtmetU Act, 1890 ; while other new Acts have been duly noted. Crown Svo, 
68Spp., price 6j. %d. (saved at every consultation 1 ), strongly bound in cloth. 

\3mt publitlKd. 
%• THE BOOK WILL BE FOUND TO COMPRISE (AMONGST OTHER 
MATTERJ- 

TUE RlUHTS AND WKONGS OF IKDIVIDVALS— LAHDLOKD AND TENANT— 

Vendors and Pdkchasers — Paktnbks and Acents—Coufanies and Associa- 
tions— Mastebs, Servants and Workukn — Leases and Mortgages — Chi;rch 
AND Clergy, Ritual — Libel and Slander — Contracts and Aokebhe{<ts — 
Bonds and Bills op Sale — Cheques, Bills and Nc>tes — Railway and Shiffinq 
Law — Bankruptcy and Insurance— Borrowers, Lenders and Surktirs — 
Criuinal Law — Parlcakbntary Elections — County Councils — Municipal 
Corporations— Parish Law, Church wardens, etc,— Insanitary Dwellings 
AND Arras — Pdblic Health and Nuisances — Friendly and Building Societies 
— CoFYKiGHT AND Patents — Tbadr Marks and Designs— Husband and Wife, 
Divorce, etc. — Trustees and Executors — Guardian and Ward, Infamts, rtc. 
— Game Laws and Sporting — Horses, Horse-dealing and Dogs— Innkeepers, 
Licensing, etc.— Forms of Wills, Agrkements, etc, etc. 

NoTR. — Tht abject af t\is toarh it ta atailt theti leie ctmnilt it to help thaastlBes to 
the IsEui ; and thereby ta diiptnjCi as far as possible, imth professional assistance and 
advice. There are many ■mrangs and grievance! vihick prrsons submit to from time to 
timi through not hnaToing hew or where ta apply far redress ; and many persans have as 
great a dread of a lasher's office as of a lion's den. With this book at hand it is belietied 
thai many a S IX -and-Eight fence may be saved ; many a wrong redressed ; mcmy a 
right reclaimed ; many a lam suit avoided; and many an eml aliaitd. Thetoork hat 
established itself as tht standard legal adviser of all classes, and has also made a reputa- 
tion for itself as a useful beak af reference far lawyers residing at a distance frem lata 
libraries, who art glad te have at hand a work embedying recent decisions and enOKtmemts, 

',• Opinions of the Press. 

'Mt u a complete code af Engliih Law written in plam laD^uage, iriucb all lan ulutsttand. . . 
Should bii in tin tundi of every bunoen mu, and all who wish to aboliih lawyen' biUi."— Vul^ Timet- 

•' A complBtg digeil of Itau most useful facts which coaslitats Eogliih la.ii."~Ghir. 

"This Bicollant handbook. . . . Admlrablr donei admirably arranged, and admirahly cheap.''-^ 
Lfit Utrcury. 

" A condH, dieip, ud ompiete epitome of the Enfiiih taw. So pliinly writta thai he who mu^ 
may read, amdh* who reeds may imdentaDd."— /'{raw. 

"A dictxmary oTIafal facta wdi pal tOKetlw. The book it a very UHful omc."~Sptclatar. 

" A work which hes Loni been waoled, which ift thoroughly well done, and which we aoat cordially 
recommeod.'*-->S'i(iH^^ Timet, 

" The latest edition of Ihli popuhu book ought to he in evety butioets ejlahliihineat, and on every 
[ihnry a.hli:."—S/ugSrld Pint. 

Prioate Bill Legiaiation and Provisional Orders. 

HANDBOOK FORTHEUSE OF SOLICITORS AND ENGINEERS 
Engaged in Promoting Private Acts of Parliament and Provisiunal Orders, for the 
authorization of Railways, Tramways, Works for the Supply of Gu and Water, and 
other undertakbgs of a like character. By L. Livingston Macassey, of the 
Middle Temple, Barrister- at-Law, and Member of the Institution of Civil Engineers ; 
Author of " Hints on Water Supply." Demy Svo, 950 pp., price asi. cloth. 
The volume ii a deuderatum on a sul^ect which can be only scqoijtd by practical 

and the ordei of procedure in Private BlU LcgisJatioo and Pniviiianal Orders is fcJlc 

author's iuggenions and notes will ba found of great value to en gin e eis and others pp 

engagol in ihia dan of pnctica." ~Bmldiiv Neat. 

" The author's double eaperienee as an enrineer and bi ' ^ 

the task, and enabled him to apinncfa the sutfect alike fron „ __ 

The volume —ill be found a peat help bodi to engincera and lawyers eueaged i 

Acts of Parliament and Piovisionsl Orders, "—i^aeis/ GtBemmtnl CkmieS. 
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^mtbon, 1862, 

THE PRIZE MEDAL 

Wu ivudcd Id [ke Publiihcn of 
"WEALE'S SERIE S." 




A NEW LIST OF 

WEALE'S SERIES 

OF 

RUDIMENTARY SCIENTIFIC WORKS. 



tr "WEALE'S SERIES includes Text-Books on almost every branch of Science 

and Indualry, comprising such subjects as Agriculture, Architecture and Building, Civil 
Engineering, Fine Arts, Mechanics and Mechanical Engineering, Physical and Chemical 
Science, and many miscellaneous Treatises. The whole are constantly unde^oing revi- 
sion, and new editions, brought up to the latest discoveries in scieutilic research, are 
constantly Issued, The prices at which they ace sold are as low as their excellence is 
assured."— ^wiCTiVa» LUtrary Catellt. 

"Amongst the literature of technical education, Wealz's Series has ever enjoyed 
a hieh repuiatioa, and the additions being made by Messrs. Ckosbv Lockwood & buN 
render the series even more complete, and bring tbcinTormation upon the several subjects 
down to the present time."— //i'«in^ Journal. 

" Any peraons wishing to acquire knowledge cannot do better than look through 
Wbale's Series and get all the books tbey require. The Series is indeed an inexhaus- 
tible mine of literary wealth." — TAc MtlropolUan, 

"Weale's Sekies has become a standard as well as an unrivalled cdlection of 
treatises in all branches of art and science." — Public Opinion. 

"The excellence of Wealb's Series is now so well appreciated that it would be 
wasting our space to enlarge upon their general usefulness and value," — Builder. 

" It is not too much to say that no books have ever proved more popular with or 
more useful to young engineers and others than the excellent treatises comprised ui 
WeaLK'S %S.t.\Ys:'—Enginier. 

"The volumes of Weale's Series foTin one of the best collections of elementaiy 
technical books in any language." — Architect. 

"A collection of technical nuuuals which is unrivalled." — Witkly Diipatch. 



JShilaiiElpliia, 1876, 

THE PRIZE MEDAL 
Wu awarded Is ihe Publiihcn Tor 

Books : Rudimentary ScientiBc, 
"WEALE'S SERIES," &c. 
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CROSBY LOCKWOOD &• JOA"A CATALOGUE. 

WEALE'S RUDIMENTARY SOIENTIHC SERIES. 



%• The volumes of this Series are freely lUastraled with Wood- 
cuts, or otherwise, where requisite. Throughout the following List it must 
be undeistood that the books are bound in limp cloth, unless otherwise 
slated : hul thi volumes matktd vailh a J may also bt kad stranglj iffund 
in cloth beards for 6d. ixira. 

N.B.—ta srdtriHg from Ihii List il U ruomaiaidtd, ai a mtans ij 
. facitilalin^ iusiniss and obviating irrar, to guoU iht nvmitrs affix^ to tit 
' -'- mis, as vitll as tht litlts and friea. 

CIVIL ENGINEERING, etc. 
3,. WELLS AND WELL-SINKING. By John Geo. Swindell, 

A.R.I. B.A., and G. R. Burnell, C.E. Revised Edition. With a New 
Appendix on the Qualities of Water. Illustrated a/o 

as a tttl-booli fM ilUurveyoim, irehiiccu, »c."'— /rm a*/ CiW 7W« ^reiViir. 

3S. THE BLASTING AND QUARRYING OF STONE, 

for Building and other Purposes. With Remarks on the Blowing up of 

Bridges. By Gen. Sir J. BuftGOVNB, K.C.B 1/6 

43. TUBULAR AND OTHER IRON GIRDER BRIDGES, 

describing the Britannia and Conway Tubular Bridges. With a Sketch of 
Iron Bridges, &c. By G. Drysdale Demfbet, C.E. Fourth Edition . 9/0 

^. FOUNDATIONS AND CONCRETE WORKS. WithPrac- 
tical Remarks od Footings, Planking. Sa.nd. Concrete, fi^ton, Pile-diiving, 
Caissons, and Coiferdams. By E:. Dobsoh, M.R.I. B.A. Sixth Edition . . 1/6 

60. LAND AND ENGINEERING^ SURVEYING. For 
Students and Practical Use. By T. Baker, C.E. Fourteerth Edition, 
revised and correcled by J. R. YOUNC, formerly Professor of Mathematics, 
Belfast College. Illustrated with Plates and Diagrams s/o; 

80'. EMBANKING LANDS FROM THE SEA. Willi Examples 

and Particulars of actual Embankments, &c. By John Wiggins, F.G.S. . 3/0 
81. WATER WO^^i', for the Supply of Cities anii Towns. With 

a Description of the Principal Geological Formallonsof England as influencing 
Supplies of Water ; and Details of Engines and Pumping Machineiy for 
raising Water. By Samdel HuoHES, F.G.S,, C.E. Enlarged Edition . .4/0! 
"Evety one who is debating how hii vLllaAe, town, orciLy sh^b« plentifully supplied with purt 
water iliauld nut ihii bwk."— AVswoiI/ir Courant. 

iiy. SUBTERRANEOUS SURVEYING. By Thomas Fen- 
wick. Also the Method of ConducttnR Subterraneous Surveys without the use 
otthe Magnetic Needle, and othermoderalmpiovemenls. ByT. BAKER, C.E. a/6* 

„8. CIVIL ENGINEERING IN NORTH AMERICA, A 

Sketchof. By Datid Stevenson, F.R.S.E., &c. Plates and Diagrams. . 3/0 
,6,. A TREATISE ON THE APPLICATION OF IRON TO 

THE CONSTRUCTION OP BRIDGES, ROOFS, AND OTHER 
WORKS. By Francis Campin, C.E. Fourth Edition . . . . a,<J 
"For numbers of young engineers the book It just the cheap, handy, first guide they wunt"— 
MiddUihaTtmik K-iMf Nms. ^' Reraarlublv MCunue and well v,n\KB."—Anitiin. 

i„. ROADS AND STREETS [THE CONSTRUCTION OF), 

in Two Parts : I. The Art o? Constrocting Coukoh Roads, by H. 
Law, C.E., Revised by D, Kinneah Clahk, C.E.; H. Rrcent Psactjce: 
IndudlngPavementsof Stone, Wood, and Asphalte. By D. K.ClabK,C.E. 4/6! 

Mrrice to architecu, builden, and property ownen Eenenlly."— £iniU»>^ JVltcif . 

„^. SANITARY WORK IN THE SMALLER TOWNS 

AND IN VILLAGES. By Charles Slagq, Assoc, M. Inst. C.E, Second 

Edition, ealaiged j/oj 

"This ii a very uiefiil book There it a treil deal oEwnrk required lobe done in the •miller towns 

*^' Tk4 t indUaltt tiat thtsi veil, maj bt had strongly bound al 6d. txtra. 
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Civil Eagineering, etc., antinued, 
a... THE CONSTRUCTION OF GAS WORKS, and the Manu- 
hctore and Disttibuiion of Coal Gai. By S. Hughes, C.E. Re-writtcn by 
William Richards, C.E. Serenth Edition, with important Addiiloni . s/^t 
"IK^Q be of iafioitelHXTiCB alike 10 mumfutuicn, cUuributon, Add coimmcn.'* — Farmum Emxntrr. 

ai3. PIONEER ENGINEERING: A Treatise on the Engineering 

operations connected with the Settlement of Waste Lands in New Couatriei, 
By Edwabd Dobson, A.I. C.E. With Dumerous PUles. Second Edition . 4/fiI 
" Mr, Llobtos li fumiliat wilh the dilScultiu wbich hare (d bs ovcitoiae in thii ctui oT wok, ami 

ais. MATERIALS AND CONSTRUCTION: A Theoretical 

and Practical Treatise on the Strains, Derignlng, and Erection of Works of 
Construction. Bj Francis Cahfih, C.E. Setsnd Edition, carefully revised, qM 
" Xo better enpontioo of ihe practical appLlcatioo of tl» priuciplci ef coiulnictioJi has JVt beta 
publiihcd to our knovledge in luch ■ cheap coaprebenuTe foim."— fliuWiiv Nna. 

aig. CIVIL ENGINEERING. By Hknry Law, M. Inst. C.E. 

Including a Treatise on Hydraulic Ehcineerino by G. R. BURNSLL, 
M.I, C.E. Seventh Edition, revised, WITH LuIRGK Additions on Recent 
Pbacticb by D. KiNNLAR CLABK,M.Iiist.C,E. 6i. 6if., dotb boards .7/6 

160. IRON BRIDGES OF MODERATE SPAN: Their Con- 
siruciioD and Erection, By Hamilton Weldoh Pehdrbd, late Inspectorof 
Ironwork to the Solford Corporation. With 40 Iliustiations . . . . a/o 
*'Studenti and enijiDeenihould obtain thii book for coutaatand practical use. "—CW/^*7<»vdtt^di>. 

•«• THE DRAINAGE OF LANDS, TOWNS, AND BUILD- 

INCS. ByG. D. DBMI>SEy, C.E, Revised, with large Additions on BeCMlt 
Practice In Drainaga EngiDeeiiDg, by D. Kihhbar Clark, M.I. C.E, Second 
Edition, conacted [yutt ptiblUlud, 4/G} 



MECHANrCAL ENGINEERING, etc. 

33, CRANES, the Constniction of, and other Machinery for Raising 

Heavf Bodies for the Erection of Buildings, &c. By Joseph Glvnn, F.R.S, 1/6 

34. THE STEAM ENGINE. By.Dr. Lardner. lUustrated . ,/6 
39. STEAM BOILERS: Their Construction and Management- 

Bj R. Akustrong, C.E. Illnstraled 1/6 

** A man ol informatiock tuitaUe tor begiirnvrt."— ^f vf ■ oia^ Iftrk. 

THE POWER OF WATER, as applied to drive Flour Mills, 

and to give motion to Turbines and other Hydrostatic Engines. By JOSBFH 
Glton, F.R.S., Ac. New Edition, llluslraled 1/0 

PRACTICAL MECHANISM, and Machine Tools, ByT. 

Baker.C.E. WiihRemaikBonToolsandUaohineij,byj,NAsMVTH,C,E. a/6 
IHE STEAM ENGINE, a Treatise on the Mathematical 

Theory of, with Rules and Examples for Praotieal Men. By T. Baker, C.E. 1/6 
«iu wilh scieutiSc iaTormUicn in reTcrence lo the ■uam-engiDe.— Zlfiffx and Work. 

MODERN WORKSHOP PR A CTICE, as applied to Marine, 

Land, and Locomotive Engines, Floating Docks, Dredging Machines, Bridges, 
Ship-building, Sg. By J. G. Winton. Fourth Edition, llluslraled . . j/fil 

'■betber for the apprentice detcnnined So master hia profeuion, or for the aniian bent upon raising 
■If to a biiber position, this deirlji written and practical trendts will be a (real help."— JeB(i«it>i. 

IRON AND HEAT, exhibiting the Principles concerned in the 
-onstroction ot Iron Beams, Pillars, and Girders, ByJ. Armour, C.E. . a/6 
J useful and ihamngbly practical lilds Tolume."— Jfiwiv 7tKmal. 

.65. POWER IN MOTION; Horse-power Motion, Toothed-lVheel 

Gearing, Long and Short Driving Bands, Angiilar Forces, 4c By JAMSS 

Abuour, C.E. With 73 Diagrams. Third Edition a/oj 

"Thevalue o( the knowledge imparted cannnl well be am^tumMtAT—lftwcatlliiytdtfyCkTm. 

THE WORKMAN'S MANUAL OF ENGINEERING 

DRA WING. By John Maxton, Instnictoi in Engioeertng Drawing. 
Rmal Naval College, Greenwich. Sixth Edidon. 300 Platea and Diagranu , 3/6^ 
copy of it ihauld lie kepi lot refertnca m everj drawing office."— £iv'»rWv- 



ar Tht X iadfealti /iai Uust iw/i, Nwr tt kad itnn^r Ictaid al 6d. taint. 
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Mechanical Engineering, etc., amiinued. 

■90. STEAM AND THE STEAM ENGINE, Stationflry and Port- 
able. Aq Elementary Trealiae on. Being an Extension of the EleineDtary 
Treatise on ibe Steam Engine of Mr. John Sewkll. B; D. K. Cubk, CE. 

7 iiird Edition 3/6J 

''EnrveucDtial put of Lhe nibject ii trated orompttndj, uul Id ft popular ilT)*."^/rvK. 

«» FUEL, ITS COMBUSTION AND ECONOMY. Con- 

listing of an Abridgment of " A Treatise on the Cambuxiion ol Coal and the 
Prevention of SmoTie,'' Bj C. W. WeLliAMs, A.I.C.E. With extensive 
Additions by D. Kinkear Clark, M. Inst. CE. Third Edition, cocrecied ^/fit 

the COmbuUiail and econamy of fuel [0 be had."— fjviMfr. 

aaa. LOCOMOIIVE ENGINES, A RudimeDtary Treatise on. 

By G. D. Demfset, C.B. With large Additions tmling of the Modern 
Locoinolive.by D. K.Clark, M. Inst. C£ With numerous Ilioslrations . 3,'oI 
"A model of uhllt »n elemenlary [echnicil book ihould Vt^—ActiUmf. 

B,i. THE BOILERMAKER'S ASSISTANT in Drawing, Tem- 

plaling, and CalculatinR Boilei Worit. &c. By J . CoUktn«t, Practical Boiler- 
malier. Edited by D. K. Clank, C.E. Third Edition, revised . . . ^'a 
" Wilfa nij KTut care iro hm EoaE thiough the ' Boilcrmiiker'i AsitunI,' and Iutc is >iy Ih« 
b« OUT udqualilKd ipproval. Scatccly n point Eas bmi omittod."— ^#rfiiv« Enginerr. 

ai7, SEWING MACHINERY: Its Construction, History, &C 

With full Technical Direction! for Adjiming.ftc, ByJ. W. Urquhakt, C.E. a/ot 
"Afbll docriptlDn of the priDciplci and coDitmctioa of Iho leading m acfain ct , and minute inatnic- 

aa3 MECHANICAL ENGINEERING. Comprising Metallurgy. 

Moulding. casting. Forging, Tools, WoE^cah op Machinery, Mechanical Manipula- 
lioQ, Manufacture of the Stwm Engine, Ac. By FlANCIS Caufin, C.E. . a/&} 
" A mound Md MTviceable le.fboot, quilt up to iue."—BiHlMnt Arm. 

336. DETAILS OR MACHINERY. Comprisiog Instructions for 

the Eiecution of various Works in Iron in the Fitling-Shop, Foundry, and 

Boiler-Yaid. By Francis Campin, C.E 3/0; 

" A sound and praciical handbook for all engag ed in ilieeiicInaeTinKtndei.''— ^K/A/i'rrf Wrrld, 

,37. THE SMITHY AND FORGE, including the Famer's Art 

and Coach Smilbing, By W. J. E. Crank. Second Edition, revised . . a/6t 
"Ths Aral modem EirgUih book on tha subject. Great pains have been bestowed ty the auibor 
npoA Ihe book ; shotinc tnLiibs will find it both iL»ful and inEereiEinf." — Btiiidtr. 

,3». THE SHEET-METAL WORKER'S GUIDE: APractical 

Handliook for Tinsmiths, Coppersmiths, ZIncwoikers, Ac. with 46 Diagrams 
and Working Pailerns. By W. J. E. Csank. Second Edition, revised. . 1/6 

"The author hai acquilled hiioHlf with coniidoabls tact In cboouis bii uamplii, and wilb aa 
leu ■Ubrr i" uulinB Ih.m."-/'/i.«te-. 

,51 STEAM AND MACHINERY MANAGEMENT: A Guide 
to the Arrangement and Economical ManagemeDt of Machinery, with Hints 
on Consimction ond Selection. By U. PowiS BALE, M.InstM.E. a/«; 
'■ Of high piaclieal vilue."— C»/A>rr Cuartiian. 

aj4, THE BOILERMAKER'S READY RECKONER, with 

Examples of Pracdeal Geometry and Templating far (he Use of Platers, Smith", 
and Riveters. By JOHK Coortnby. Edited by D. K. QjlRlc, M.I.C.E. 

Second Edition, revised, with Additions 4/0 

*■* Tht abmii, strongly haU-bmtid. prUi 51. 
"A niott useful work. No workman or apprentice thould be without it."— /rm TraJtCireula, 

ass. LOCOMOTIVE ENGINE-DRIVING. A Practical Manual 

for Engiccpia in charge of Locomotive Engines. By Michael REYNOLDS, 

M.S.E. Eighth Edition, sj. iid. limp ; cloth boards 4,'6 

*'W« can confidently T«com mend the book, not only to the practical driref, but to eTery o ue wlki> 

'asT 'sTATIONARYENGINE-DRIVINGl'nrPmclical Manual 
for Engineers in charge ot Stalionaiy Engines. By Michael Reynou>s, 

M.S.E. Thiid Edition. 51. 6d. limp ; cloili boaids 4/6 ■ 

**Htf anthor ii thorovshly acquai mod with his tubjecti,and has prodneed a bamial whkh it an 

uoeediDilr uMful on e for the cIj m for whom il i> spedally intended."— £nf*"»'*V- 

1^ T*t t '-Jieattt Ual tkisi vols, may bi had slrvngly imlMd al M. txira. 



JVEALE'S RUDIMENTARY SERIES. 4S 

MINING, METALLURGY, etc. 

4. MINERALOGY, Rudiments of. By A. Ramsay, F.G.S. 

Third Edition, rerlsed and enlarged. Woodcuts and Plates . . .36! 

*' Tha BQtboT rhrouffhout has diiplayed an IntimaEB knowLcdn of hit lubjecl, uid rrevt bcUilT in 
tuputing ihu knuirLcdce to othEn. Ths booV ii of great utiliLyJ'— ^I'mV youroal, 

117. SUBTERRANEOUS SURVEYING, with and without the 

Magnetic Needle, By T. FswwiCKBnd T.BAKER, C.E. Illustrated , . a/6J 

133. METALLURGY OF COPPER-. An Introduction to the 

Methods of Seekine, Mining, and Aisaying Copper. By R. H. Laubobn, a/et 

■3S. ELECTRO-METALLURGY, Practically Treated. By Alex- 
ander Watt. Nimh Edilion, enlarged and revised. Wilh AddUlonal 
IlluslniliiHis, and including the mosl Recent Processes .\_Ja}l pubUsktd. 3/6X 

171. MINING TOOLS, Manual of. By William MorgamS, 

Lectuier OD Practical Miniog at the Bristol School of Mines .... i,'6 
iji^MINING TOOLS, ATLAS of Engravings to Illustrate the 

above, containing 935 Illustrations of Mining; Tools, drawn to Scale. 4I0. . 4/b 
'*SlDdeats, OveniKTi, Captains, Maaiifen, and Viewers nuv gain pmciicai knowledge and useful 
hints by the study of Mr. Morgans' MauiuJ."— C^ffio? Guantia*. 

,76. METALLURGY OP IRON Containing History of Iron 

Manufacture, Methods of Assay, and Analyses of Iron Ores, Piocesses of Manu- 
facture of Iron and Steel, Ac. By H. Baqebuan, F.G.S., A.R.S.M, Wilh 
numerous IlJusirallons. Sixth Edilion, reiised and enlai^ed .... s/oX 
"(Zarefully wrillen. it has the ment of brtvity pnd conciAeDcst, as id LcsiimparlaDtpoinlti trhilaa 
vULtfirial matten arc very FuUt mnd thoroughlr enirrcd iatc." — Staidani, 

180. COAL AND COAL MINING, A Rudimentary Treatise on. 

By the late Sir Wamington W.Smyth, M.A., F.R.S., &c., Chief Inspector 

of the Mines of the Crown. Siilh Edilion, revised and enlirged . . 3*1 

,55. THE MINERAL SURVEYOR AND VALUER'S COM- 
PLETE GUIDE. Comprising a Treatiseon Improved Mining Surveying 
and the Valuation ol Mining Properties, wfiih New Traverse Tables. By W. 
LiNTEKN, Mining and Civil Engineer. 1 hird Edilion. wilh an Appendix on 
Magnetic and Anifular Surveying, wilh Records of the Peculiahiies of Ntedls 
Disturbances. With Four Pfales of Diagrams. Plans, &c. . . ■ 3l6t 

•■ Conlaioi much v»lu»bleiiiform»tion, and ii thoroughly iru.tirorlhy"—/™.*' Cm/ 7>M!ri^»««». 

„4. SLATE AND SLATE QUARRYING, Scitmihc, Practical, 

and Commercial. By D. C. Davib*, F.G.S., Mining Engineer, &c. With 
numerous Illustrations and Folding Plates. Thinl Edilion .... s/oj 

,,ii^ A FIRST BOOK OF MINING AND QUARRYING, with 

ihe Sdences connected tbeiewllh, for Primary Schools and Self Inst luci ion. By 
1. H. Collins, F.G.S.. Lecturer to the Miners' AssociaUon of Cornwall and 
Devon, Second Edition, with additions 1/6 

TarthawcDnCEmcdiiiKfaaalliii the mining dLiIricU, [his irorll il the very thing that shtnld be U 
4he handi of Lhci' schoolmaslets."— '/ruM. 



ARCHITECTURE, BUILDING, etc. 
If,. ARCHITECTURE— ORDERS— Iht Orders and their 

Esthetic Principles. By W. H. Lkeds. Illustrated i/« 

.7. ARCHITECTURE— STYLES— T\iG History and Descrip- 
tion of the Styles of Architecture of Various Countries, from the Earliest to the 
Present Period. By T. Talbot BURV, F.R.I. B.A.. Se. lUustraled . , a/o 
*,* Obdehs and Styles of Architect-jrE, in Ont Vol., y. 6rf. 

^a. ARCHITECTURE— DESIGN— The Principles of Design in 

Architecture, as deducible from Nature and eiempUfied in the Works of th« 
Greek and Golhic Architects. By Edw, Lacy Garbctt, Architect. Illustrated s/6 
" We know no wock Ihu we vauld hviimt recoeunend u> an stlentive rsadet deiiraui u obuia deal 

•>ew> or ihe nature ef aichiiECninl art. The book is a valuable ane.>'^tf inVaVr. 

>,• Thtikrti fnctding Workii* Om handsemi Vol.. kalf 6mnd, tH/illtd " UoDXtM 

ur T*it imiitatu Oal /itit Bell, mat tt /UiJ i/ronglji ioumJ at 6J. tjtn. 
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Architecture, Building, etc., ainiinued. 
M. TffE ART OF BUILDmc, Rudiments of. General Prin- 

ciplei of Conatniclion, Strength and Use of Materials. Working DrnwiDgi, 
Specifications, &c. By EdwAkd Dobsok, M.R.I. BJV.,&c .... 3/o{ 
"Apwd book [or pnctical kuiiiilciige, udiboutthe beu id be abuiaed."— £ii"ii!tiv A'<Bi. 

^^ MASONRY AND STONE CUTTING: The Prindples of 
Masonic ProjectioD and their appUcatloa to ConMincUon. Bv E. DoBSON, 
M.R.r.B.A a/6t 

^, COTTAGE BUILDING. Bj C. Bruce Allen. TenthEd.. 

wilh a Chapter on Economic Cottages for Allotmenti, by E, E. Allbn, C.E. a/o 
4S. LIMES, CEMENTS, MORTARS, CONCRETES, MAS- 

TICS,PLASTBRrNG,b-c. By G. R. Bubnbll. C.E, Thirteenth Edition i/ft 
S7, WARMING AND f^Ar77i:^77(?,A^ of Domestic and Public 

Building*, Mines, Ughtbouses, Ships, &c By Chakles Toulinson, F.R.S. 3/» 
itT.ASCffES, PIERS, BUTTRESSES, &-(.-. Experimental 

Essays on the Piindplcs of ConstiuctioD in. By Williaw Bi.and . . i/6 
,t6. THE ACOUSTICS OF PUBLIC BUILDINGS; or. 

The Piinciplesof the Science of Sound applied to the purposes of the Architect 
and Builder. ByT. RocGR Smttk, M.R.I.B.A., Architect. Illustrated . i/fr 

147. ARCHITECTURAL MODELLING IN PAPER, The .irt 

Ot By T. A, RiCHABDSON. With IllnsliBtions, engraved by O. JEWITT , i/5 
" A TalwUo aid u the practice at architectural modeUlDit."— £iu7Ar'i Waily Sifcrttr. 

laS. VITRUVIUS—THE ARCHITECTURE OF MARCUS 
VITRUVIUS POLLO. In Ten Books, Translated from the Latin by 

Joseph Gwilt, F.S.A., F.R.A.S. With 33 Plates 5/0 

N.B.—This is iht omly Edilian ef VcTRUVius precurabU at a t/udtrait friee. 

130. GRECIAN ARCHITECTURE, An Inquiry into the Prin- 
ciples of Beauty in ; with an Historical View of (be Rise and Progress of the 

Art in Greece. By the Eabl OF Abbbdeen I/O 

",• Tki lioo prtctding Weris ia Oat kandsomt Vol., half ieund, tniiiUd " MCXin 



13a. DWELLING-HOUSES, The Erection of, Illustrated by a 

Perspective View, FLins, Elevations, and Sections of a Pair of Villas, with 

the Specification, Quantities, and Estimates. By S, H. Brooks, Architect . a/aj 

156. QUANTITIES AND MEASUREMENTS, in Bricklayers', 

Masons', Plasterers', Plumbers', Painters', Paperhangen', Gilders', Smiths', 
Carpenters' and Joiners' Work. By A, C. Beatoi4, Surveyor , . . i/& 
" Thii book ii inditpcBuble 10 builden and thdr quaatity clerlti."— £f|,r'i(t Jf«*«/c. 

I7S. LOCKWOOD'S BUILDER'S PRICE BOOK FOR 1891. 

A Comprehensive Handbook of the Latest Pricrs and Data for Builders. 
Archltecis, Engineers, and Contractors, Re-constructed, Re-written, and 
greatly Enlarged. By Francis T. W. Miller, A.R.I,8,A, 650 pages. . 3/6t! 
i3t CARPENTRY AND JOINERY—lm. Elementary Prin- 
ctPLBS OP Carpenthv, Chiefly composed from the Standard Work of 
Thomas Tredgolo, C.E. With Additions, and a TREATISE ON 
JOINERY by E. W, Taen, M.A, Fifth Edition. Revised and Extended . 3/6^ 

,83». CARPENTRY AND JOTNERY. ATLAS of 35 PUtcs to 

accompany and illustrate the forgoing book. With Descriptive Lelterproo. 4to G/o 
" TbcK two volumes fotn > couiiTete trca.<iiry of catiKDIrr and joioeiy, and (bould be in ih< hand* 

185. THE COMPLETE MEASURER; setting forth the Measure- 
ment of Boards, Glass, Timber and Stone. By R. Hobtoh. Fifth Editian . 4/0 
*,' Tkt ttiovi, stnmglj hovnd in Italhtr, frict 51, 

187. HINTS TO YOUNG ARCHITECTS. By George Wicht^ 

WICK. Arcliiteet, Author of " The Palace of Architecture," ftc. &c Fifth 
EdliioD, revised and enlarged by G, HusKissoN GtTlLLAUHB, Arcbilecl. 3/6^ 



^ Til X sHjicaUt thmt llutt veil, may it kad ilmigfy iomnd at 6d. txfra. 
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Architecture, Building, etc., continued. 
IBB HOUSE PAINTING, GRAINING, MARBLING, AND 

SIGN WRITING: With aCourieof ElementW)' Diawing, ■nd aCollection 
or Uieful Receipts. BjEuJS A. Davidson. Fifth Edition. Coloured Flaws 5/0 
*a* Tht abav€ in clotk hoards, ttrongly hound, 61. 
" A nuH of iafbrnutian gf uM to du mniiteui lad of ntoc (o die pncticil mu ."—£•■; A'lA WttAami. 

1S9. TJIE RUDIMENTS OF PRACTICAL BRICKLAYING. 

GenersI Principlea of Briddaylof; : Aich Drawing, Cutting, and Setting; 
Poialing; Paving, Tiling. &c. By Adau HAMMOND. Willi 6B Woodcuts . 1/6 
"TliejFouai brickiiyEr will find itiafioitslr valuable to "tAay—GUttmiHtTatd. 

rq^. PLUMBING : A Text-Book to the Practice of the Art or 

Crart of tbe Plumber. With Chaplen npou House Diainage and Ventilation, 
By Wu. Paton BuchaN, R.P.,Saiiitai7 Engineer. Fifth Edidoa, revised and 

enlarged, with 380 Illustradons 3/6! 

"A text-book wlucli nay be tafelr put into the beddi of evoy yotuf plumber, and which nil elw 
be found uiefu] by archiiecti >nd medical profenon."— ^iiitWw. 

t^. THE TIMBER IMPORTER'S, TIMBER MERCHANT'S, 

AND BUILDER'S STANDARD GUIDE. By R, E, Granct . . a/o 
Id, uanukeweiihl, ibost of nunerwl conccniiDE bnckB.columiu.ciileini, ftc."— £fifi!u;i JfA^oiwc. 

ao6. A BOOK ON BUILDING, Civil and Ecclesiasiical. By Sir 

Edmund Beckett, Ban., LL.D., Q.C., F. R. A .S., Author of "aodis and 

Watches and Belli," Sc. Second Edition, enlarged */6J 

"A book which i> always umuing and ueajly alwaya iiulruc;uve.''^7^rf, 

m6. THE JOINTS MADE AND USED BY BUILDERS. 

By WrviLL I. Christy, Arehitecl. With 160 Woodcuts S/oJ 

"The walk ii deierving of hinh commeodatian."— £Hii!i£rr. 

MB. THE CONSTRUCTION OF ROOFS, OF WOOD AND 

IRON : Deduced chiefly from the Woi^s of Robbon, Tredgold, and Kuinber. 
By E. WvNDHAM Tabn, M.A., Architect. Second Edition, revised . . 1/6 
" If r. Tam la » thorauihiy niailET of hii lubjecl, thai althmiEh die IrealiK ii founded on [be worlca 
sfotben. he hai given it a dittuKC value or hii ooa. It will be found valuable by all v^Atnw.'—BmtJlr. 

,^. ELEMENTARY DECORATION: As applieu to Dwelling 

Houses. &c By lAMEs W. Facet. Illostraled a/o 

*' The principle! which ouihl to suide the decoratioa of dwilliiiK.houiei an clearly ie[ fonh, anil 

aS7. PRACTICAL HOUSE DECORATION. A Guide to the 

Art of Ornamental Painting, the Airangement of Colours In Apatlments, and 
the Principles of Decorative Design. By JAMES W. Facp.Y . . . a/S 

•,• Noi.'oaaHd-iniiiOntliandsomt Vol. . )ml/-bim>id,taliliid " Ho^sa DECORA- 
TION, fcXEUENTARY AND PHACTICAI,,"^rit< Jr. 

ajo. A PRACTICAL TREATISE ON HANDRAILING ; 

Showing New and Simple Methods By Geo. Collings. Second Edition, 
Re *ised, including a TREATISE ON STAIRBUILDir^G. With Plates . a/6 
"Will befauadof pnclicat utility in the uecuEion of thii difficult bnnch of joinery."'- AriiMrp-. 

347. BUILDING ESTATES: A Treatise on the Development, 

Sale, Purchase, and Mutagement of Building Land. By F. Mattland. 

Second Edition, revised a/o 

" This book fhould uadoubiedly be added to the lihniy of every prareuDoal man dealing wiih 
bnildinff land." — LAitiiAfftHt't Rtcerd, 

348. PORTLAND CEMENT FOR USERS. By Henry Faija, 

A.M. Inst. C.E. Third Edition, Corrected a/o 

" Snppliei in a small compau all thai i> neceuary to be koowa by UKn ofceinenl."— AuJi/fiv Ar«M 

35a. BRICKWORK : A Practical Treatise, emboiiying the General 

and Higher Principles of Bricklaying, Cutting and Setting \ with tbe Applica- 
lioQ of Geometry to Root Tiling, Sc. By F. Walker . . . 1/6 

359 ^^^ FITTING : A Practical Handbook. By John Black. 

With 131 Illustrations a/6; 

" Contains all ihe requiiiu inFormition for the tucceuTul fitling of houiea for a au icrrice, &c 
It ii wnlien in a linple piacdcal ityla, and we heartily reconmenil iC'—PIitmitr and DKeraltr. 

353. THE TIMBER MERCHANT'S, SA W MILLER 'S, AND 

/.VPOSTER'S FREIGHT BOOR AND ASSISTANT. By Willi AM 
Richardson, with additions by M. Powts Bale, M.I.M.E., &c. . . , 3'ot 
"A compeedioin of oilculauoiu whicb lupplina real wut in tbe mda." — BKlldinf AVnv. 



r Tkt X indieata^lul lluit veil, m^ it Mai anage/ inmd of ^- u'^- 
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,V-\^^-^- ^^ACTICAL BRICK AND TILE BOOK. Com- 

1S9.J pnang: Bkick and Tii,b Making, by E. Dobson. A.I.C.E.; PractioU 
^ I "fi'^B'^ifiNG. hy A. Hammond ; Bbickwokk, bv F. Walkek. kto pp. 

^ with 370 IllusmiioM, strODRly half-bound ..... . 6to 

ajS. CIRCULAR WORK IN CARPENTRY AND JOINERY. 

A Praciioal Treatise OD Circular Work of Single and Doable Cuirauue. By 
„ IjEorge Collings. Second Edilion ... , a/S 

LHap m price, cltK in dtiniiion, ind pnciicsa in [ha eompln «'«:Kd."-ifj.iiltr. 

b6i. :^H0RING, and Its Application : A Handbook for the Use of 

..,„ *"udeDii. By George H. Blaghove. With 31 Ulustratiods . . ,1/6 

Wo KcDoiBieiu! [h.i .aluible IrewiK lo bU iuideiiu."-5i,i««f Alia... 

aS5, rzr^ ^^7- 0.^- PRACTICAL BRICK CUTTING AND 

"Tk ^^J^'ff^^- By Adam Hammond. Wiih 00 EngrairinEs. [Juil tuilislud. lie 

^67- ZW£ SCIENCE OE 'build IN cTAn ElemMUry Tiea- 

tise on tbe Principles of ConBtniction. Adapted (0 the Requirements of 
Architectural Students. By E. Wyndham Tarn, M.A. Lond. Third 

tailion, revised and enlarged [Jiut pvbliahtd. 3/4 

37,. VENTILATION: A Text Book to the Practice of the Art of 

Ventilating Buildings, with a Supplementary Cbapter upon AiH Trsting. 
By William Paton Buchan, R. P„ Sanitary and Ventilating Engineer, 
Aulhorof '■Plmnbing,"&c. With 170 Illustrations . [JksI fuiUilud. j/'ej 

SH I PBUILDJNgT NAVIGATION, etc. 
S<. NAVAL ARCHITECTURE: An Exposition of the Elemen- 
tary Principles. By Jambs Pkakk, H.M. Dockyard, Porlitnouth . . 3/6t 

SS.SfflPSEOR OCEAN AND RIVER S£RVICE,memeatary 

and Practical PrinciplesoftheConslructionof, By Hakon A, SoMMEBFELDT. 1/6 

SS'*.AN ATLAS OR ENGRAVINGS to Illustrate the above. 

Twelre large folding Plates. Royal 410, cloth 7/6 

S4. MASTING, MAST-MAKING, AND RIGGING OF 

Sff/FS. Also Tables of Spars, Rigging, Blocks ; Chftin, Wire, and Hemp 
Ropes, &C., relatiife 10 every class of vessels. By Robert KlPPlNC, N.A. «/o 

S+>. IRON SHIPBUILDING. With Practical Examples and 

Details. By John Grantham. Fifth Edition 4/0 

35. THE SAILOR'S SEA BOOK: A Rudimentary Treatise on 

Navijtaiion. By James Greenwood, B,A. With numfrons Woodcuts 
■nd Coloured Plates. New and enlarged Edition. By W, H. KOSSKR . a/6t 

'■ Ii p«h.pt the hat and (iopltil cpltDDU of nivigaliaa crcr iDiapiltd,->-«it 

55 PRACTICAL NAVIGATION. Consisting of The Sailor's 
« Sea-Book, by James Greenwood and W. H. Rosses : together wiih 

004. Mathematical and Nautical Tables for the Working of the Problems, by 

HKNRvLAW.C.E.,and Prof. J. R. Young, Half-bound in leather , .7/0 
will bt K.^11 in Ihe llbiBry ol iXmau. every sliip or yachl bUmh. "—//■«/■( Y^hlmg Magaiint. 

80. MARINE ENGINES AND STEAM VESSELS. By 
R. Murray, C.E. Eighth Edition, thoroughly Revised, with Additions by 

the Author and by Geobcb Cablislk, C.E 4/6J 

"An iudiipcDubli nUQusl for llie .tudeni oC marine tati«tai«g."—Livirfcel Mirtury. 

Siiu. THE FORMS OF SHIPS AND BOATS. By W. Bland. 

Seventh Edition, revised, with numerous Iltustmtions and Models , . , 1/6 

59. NAVIGATION AND NAUTICAL ASTRONOMY, in 

Theory and Practice. By Prof. J, R. YOUNG. New Edition, llhistraied , a/6 
*>A very complete, iboiougli, and uHful manual for the ymiDg navigitor." — Ohuraattry. 

ro6. SHIPS' ANCHORS, a Treatise on. By George Cotsell. ,/6 
149. SAILS AND SAIL-MAKING. With Draughting, and the 

Centre ol Effort of the Sails, Also, Weights and Sizes of Ropes ; Masting, 
Rigging, and Sails of Steam Vessels, &c By Robert KtFfinG, N.A. . a/fi} 

,SS. THE ENGINEER'S GUIDE TO THE ROYAL AND 
MERCANTILE NAVIES. By a Practical Engineer. Re^rited ^ 

D.F.M'CARTHT,lateoftheOrdnanceSurveyOf!ice. Southampton . . 3/0 

1^" Tii\ imlieatti tlut Iktii tmli, taji bt had slreHgly iBUiid al id, t»tra.l\^ 
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61'. A COMPLETE READY RECKONER FOR THE Ad- 
measurement of land, &-i. By A. ArmAN. Third Edilion, 
revised and exlended by C NORRIS, SorreTor, Valaer, Ac . . , .a/a 
" A vuy uKful bosk to >I1 who hiie land lo BuiaaTe."—Jifari Lam Kxfrai. 

13.. MILLER'S, CORN MERCHANT'S, AND FARMER'S 

READY RRCJCONER. Second Edilion, reviled, with a Price List of 

Modem Flour Mill Machinery, by W. S. Huttom, C.E »/o 

*'WiQ prove an indi ipen «bLeT«rf<r iftcum, NothiDff hai bcsiipued to nuko lliebook couplateand 
pcrEcclly adipiKl to iu qKciil puipou. ^Miltir. 

.40. SOILS, MANURES, AND CROPS. (Vol. I. Outlines of 

MoDBKN Fasuino,) By R, Scott Bueh. Woodcuts >/o 

i4t. FARMING AND FARMING ECONOMY, Historical and 

Practical. (Vol. II. Outlines of Moobkn Fakuino.) By R. Scott Burn. 3/0 
"Eminenlly calculated lo enlighiEn IhE scricultnul cnomunitv on tlic varied lubjecu of irhich it 
tpcau ; bcDC* il ihculd find a place in every fanaet'i libiu;." — City Prra, 

,4a. STOCK; CATTLE, SHEEP, AND HORSES. (Vol. III. 

Outlines op Modern Farhinc.) By R. Scott Burn. Woodcuts. . 3/6 
'* The aaihAT*t grmfp af till aubject IK thDrou^li. uid hii ifrDvpiDs of facts eflKlive. . . . We com- 

,«. DAIRY, PIGS, AND POULTRY. (Vol. IV. Outlines of 

Modern Farming.) By R, Scott Burn, Woodcuts . . , , a/o 
'^We ran teadff ta the cleameat aad [atelliEilulity of Lhe matter, vbich hai tnea compiled from the 
belt auilwiiiin.''— ^«i/t»i Rnlm. 

,.a, UTILIZATION OF SEWAGE, IRRIGATION, AND 

RECLAMATION OP WASTE LAND. (Vol V. OUTUNBS OF MoDRRtt 

rARUiNc] By R. Scott Burn. Woodcuts a/6 

" A work CDntaiaioff valuable information, which wdl recommend ttaeif to al[ intereited Ed modem 



1 OUTLINES OF MODERN FARMING. By R, Scott 

I Born. Author o( "Landed Estates Management," " Fann Managemeui," 
and Ednor of "The CoBiplele Grazier.'' Couiliting of llie above Five 
I Volumes in One, 1,350 pp., profusely liluslrated. hair-bc4ind . ■ . . la, 

'The aim of the author has been to make hit work at once compreheiwive and truMworthtr, ai 









.,. FRUIT TREES, The Scientific and Profitable Culture of. 

From the French of M. Du Breuil. Fourth Edill<», carefully Revised by 
George Glennv. With 1S7 Woodcuts S/SJ 

98 SHEEP: The History, Structure, Economy, and Diseases of. 

By W. C. Spooner, M.R.V.C, &c. Hfih Editioti, wiih fine Eneravings, 
including Spedmetii of New and Improved Breeds. jM pp 3/£t 

01. KITCHEN GARDENING MADE EASY. Showing the 

bal means of CiiUivatipjr every known Vegetable and Herb, &o.. with ditoc- 
tionsfiw management all th; yeairound. ByGEO. M. F. Glenny, lllusuated i/fij 



™. OUTLINES OF FARM MANAGEMENT. Treating of 

the General Work of the Farm ; Stock ; Contract Work ; Labour, 4c By 
R. Scott Burn, Author of " Outlines of Modem Faiming," &c. . . . 9/6$ 
" The book il euisenllr ptactical. and may be itudied with ait>aiitaie by beiinmn in agriculmn^ 
whili: il conulu hints which will be uteful lo old and tucceuful SMiasn."—Scttima*. 

aoa. OUTLINES OF LANDED ESTATES MANAGEMENT: 

Traating of the Varieliei of Laudj. Methods of Farming, the Setling-out of 
Farms, &c. ; Roods, Fences, Gates, Irrigaiion, Dmiuage, &c. By R. 5. Burn. s/Gf 
"A coinatete and compreheniive outline of die duliei appertainini to the mausement of laaded 



Mr Tkt X ifJitatiJ Ihal that vait. maji it had itnng(j betmd ai 6d, titra. 
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Agriculture, Gardening, etc., continued. 
ao9. THE TREE PLANTER AND PLANT PROPAGATOR ; 

Willi nunicToiu Illoiaatioii) of (inAlBX, Larerlng, Buddiag, ImplemenUi 
HouM], Pju, Ac. By S. Wood, Author of "Good Gaidening," ftc. . . a/o 
"Sound in in mchiniBnj wy eoropreheoMw io imlra. Ititsjnodboot"— C«ninM»»'jW<v"'"'- 
Tlie UULmctiou tin ihoroughly practice und correct.'* — f^BTtk BfHuk Afn'ciUtifrTtt, 

9,0. TIfE TREE PR ONER: Being a Practical Manual on thp 
PiuoiDg of Fnilc Trees, iocluding nlso Ihelr TraJDiDg «k1 RenovaiioD, tiio 
treating o( the PmniDg of Shmbi, CKmben and FloweriDg Plant!. With 
numerous lUuslratloni. By Sauuel Wood, Author of " Good Gardenia^," &C 1/6 
" A uieful boolL writUa by dim who tua h&d icnkl tivparience/'— jVcnl Lamt Kx^rwit- 
" W* rteonuMdd [faii treatiie yaj hiihly."— A"**** Brititk AfricmllHritl. 

•«• iViU. ao9 &• aio I* Ohi Vtl.. handienulj kalf-baKad. tntilled "Thb TrbK 

Planter, Propacatob and Pbuneb." By Samuel Wood. Priei 31. 6rf. 
ai8. THE HAY AND STRAW MEASURER: New Tables 
for the Use of Auctioneers, Valners, Farmers, Hay and Straw Dealers, Ac, 
fonningacomplele Calculator and Ready Reckoner. Bjr Johm Steels . a/» 

" A TDOiE ukTuI handbook. It ihouldbeiAeyary pmfuuonalaffioe *hert africullunl Tilution iu«- 
GOaduSed."— i^aW Apmtl Rtatrd. 

aaa. SOB URBAN FARMING : A Treatise on the Laying-out and 
Culliiatlonof Pamis. adapted to the Produceof Milk. Bniierand Cheese. Eggs, 
Poultfj, and I^gi. By the laie Prof. John Donaldsok. With Additions, 
lllustraling Modem Pmctice, by R. Scorr Burn. With numerous lUustrationi 3/6^ 
■■ An admliabli [inuiM on all mitten cnanKted with diiry fiamt."—I.iBi SIk* Jimm^. 

33,. TffE ART OF GRAFTING AND BUDDING. By 

Charles BalteT. With lUuslrBtioni a/ej 

" Tbc ons lundinl nrk on ihii n,bita."~Scrlimvi. 

33J. COTTAGE GARDENING; or, Flowera, Fruits, and Vege- 
tables for Small Gardens. Ely E, Hobday 1/6 

II DcRnila inilniciioni u to the cullinKim of muU BttiaA-Scttmuut. 

a3j. GARDEN RECEIPTS. Edited by Charles W. Qum. ,/6 

"A Nneutu-ly ewpptet* Goliflclion of ihc pridcipal rec«pa needed by gfi^vdtatzt" -"Fanner. 
" A ntefut and tiHndy book, containing a food deal of valuable infornutioo." — AiArm^Mtiu 

334. MARKET AND KITCHEN GARDENING. By C. W. 

ShiAW, lataEdiiorof "Gardening Ulustralcd" . . . . . 3/ot 

B3,, DRAINING and" EMBANKING. A Practical Treatise. 
By John Scott, late Profrraor of Agriculture and Rnral Economy at the 
Royal Agricultural College. Cirencester. With 6B Illustrations. .1^ 

" A valuable handbook to tbc en^neer. a* well M to the turveyor.'* — Land. 

'*ThLi volunH ihoiild benmsed by ^ interdied In thii ioiportanl brantii of estate laiproyemenL" 

340. IRRIGATION AND WATER SUPPLY : A Practical Trea- 
tise on Water Meadows. Sewage IcTiffalion, Warping, ftc ; OD the Constnio- 

tion of Wells. Poads and Reservoiis.&c. By Prof. J.ScoTT. With 34 Illusts. 1/6 
" A valuable and indiipenufale book for the autc manager and awnsr.''—Ftmlry. 
"Wetlwonh theitudy of all fanners and landed fnfnaini."—BHiUI't Nnn. 

34,. FARM ROADS, FENCES, AND GATES: A Practical 

Treatise on the Roads. Tramways, and Waterways of the F»nn ; the Prin- 
ciples of Enclosutes ; and the different kiads of Fences, Gates, and Sules. 

By Professor John Scott. With 75 Illustrations 1/6 

*'Mir. Scott^a treatiae will be welcomed as a concisely commled handbook.*^ — BtaldingNtm. 

343. FARM BUILDINGS. A Practical Treatise on the Buildings 

necessary for various kinds of Farms, their Airangeinent and Consttucllon, 
with [^aosand Estimates, By Prof, John Scott. With 105 Illustrations . a/a 

" No one who ia called upon 10 design rarm-bulldings an alToKl to be without ihii work."— JtmVdlir. 

" Thii book ought to beintbehanda of eiery Inndovncr and tgmt."—KtUB C»rmiclr. 

343. BARN IMPLEMENTS AND MACHINES. Treating of 
the Application of Power to the Operations of Agriculture; and o( the 
various Machines used In the Thieshing-barn, in the Stock-yard, Dairy, Ac. 
By Professor ]ohn Scott, With 123 Illuitrallons 3/0 
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.44. FIELD IMPLEMENTS AND MACHINES: With Prin- 
ciples and Details of CotutmcUoa and Points of Exceltence, tbdr Muiage- 
meni,fto. By Prof, JOHN ScOTT. With 138 Illustmtions . . . . »/o 

MS- AGRICULTURAL SURVEYING: A TreaUse on Land 

Survering, Levelling, and SMting-ouC ; with DlRctlons for VaJung and Re- 
porting on Fanni and Estates. By Prof. J. ScOTT. With 6a niusltatioiu 1/6 

"39.) FARM ENGINEERING .- By Professor John Scott. Com- 
'° \ pristng the above Seven Volumes in One, 1,150 pages, and over 600 lUusIralioni. 

»4S;} Half-bouDd ia/0 

"A copy of (hii vork should b« rnuund tip in every lihriry whnv the ownflr thereof it in any vmy 

«Sft MEAT PRODUCTION : A Manual for Producer, Distribu- 
tors, and Consumers of Butchers' Meat By John Evart. . . . 3/6 
" A comiwct and hindv volume oa the meu i^ata\a\i.."—Mtat and I'mUxsK TraJti Rnim. 

166. BOOK-KEEPING FOR FARMERS AND ESTATE 
OWNERS. A Piaclical Treatise, presenting, In Three Plani, a System 
adapted (arall daises of Farms. By J. M. WOODUAH, Chattered Accounlaat. 

i>ecoad Edition, rerbed 9/6 

^^ *," TAj aitrve in cloth boards, strongly bonnd, 31. 6d. 

'■WillbaroundDrimi wiinncebythoievboiiiieiiil tsEoaianiceKaynemaFbooV-lKepiRit, the 
Rulhoi'i eumplu bdai clear end eiplic.t, and hiieipiuulions full and ucuiau."— Zi^f Slut yntmil. 

MATHEMATICS, ARITHMETIC, etc. 
3a. MA THEM A TICAL INSTR UMENTS, a Treatise on ; Their 

Construction, Adjustment, Testing, and Use conclaelv F ' - ■ - 

s Royal Military Academy, Wi 



;, Testing, and Use conclaelv Eiplained. By J, F. 

... _. ._! Royal Military Academy, Woolwich. Fourteenth 

Revised, with Addldons, by A. T. WaluisLEy, M.I.C.E., Fellow of 



the SuiVEyon' Institution. OiiBinal Edition, Id i vol.. Illustrated . . . a/ot 

*,* In erdtring tht aiavt. it cartful lesey " Original Bdition," argivt tkt numbirin 

He Series (33), to diilingniJi itfrao, thi Enlargtd Edition in 3 vols. fMai.iSa-^-joJ. 

76. DESCRIPTIVE GEOMETR V, an Elementary Treatise on ; 
with a Theory of Shadows and of Perspective, extracted from the French of 
O. MONGB. To which is added a. Description of the Principles and Practice 

of [somatrical Projection. By J. F. Heather, Mj^. With 14 Plates . 3/0 

178. PRACTICAL PLANE GEOMETRY: giving the Simplest 
Modes of Constnicting Figures contained in one Plane and Geometrical Con- 
slnicllon of the Ground. By J. F. Heather. M.A. Withais Woodcuts . 3/0 
eollectioB of preblenu u it Ellely " b?4qm^'^oi5i™ ™p™cuc«.*'— ,<»T-liV«/. 

83. COMMERCIAL BOOK-KEEPING. With Commercial 

Phrases and Forms In English, French. Italian, and German. By jAMES 
Haddon, M.A.. fortnerly Mathematical Master, King's Colleee School . 1/6 
B4. ARITHMETIC, a Rudimentery Treatise oil : with full Expla- 
nations of its Theoretical Principles, and numerous Examples for Practice. 
For the Use of Schools and for Self- Instruction. By J. R. YoutJC, late 
Profeoor of Malhematlci in Belfast College. Eleventh E<litlon . . . i/5 
B4*./4 KEY TO THE ABOVE. By J. R. Young . . . ,/6 
ss. EQUATIONAL ARITHMETIC, applied to Questions of 

interest, Annuities, Life Assurance, and General Commerce; with various 
TaUesby which all Calculations may he greatly faclUtaled. By W. HiPsLEY. s/o 

86, ALGEBRA, the Elements of. By James Haddon, M.A., 

formerly Mathematical Master of King's College School. With Appendli, 

containing Miscellaneous Investigations, and a collection of Problems . s/o 

Be*.-^ KEY AND COMPANION TO THE ABOVE. An 

extensive repository o( Solved Examples find Problems in liiustralion of: he 

various Expedients necessary in Algebraical Operations. By ]. R. Young 

SS. EUCLID, The Elements of: with many Additional Proposi- 

4 tions and Explanatory Notes ; to which is prefixed an Introductory Essiy on 

$9. Logic. By Henry Law, C.E. s/fij 

•-■ Sold also stfarattly, vi>. : — 

SB. ECCLID, The First Three Books. By Henry Law, C.E t/6 

89. Ei;cLiD. Books 4, J, 6, 11. zi. By Henry L aw. C.E. . . 1/6 

1^" TIU\ inditala thai tluii vols, may U had strongly hund al td.ti^i^ OQ I C 



SI CROSBY LOCKWOOD &>' SOS'S CATALOGUE. 

Mathematics, Arithmetic, etc., conlitmtd. 

90. ANALYTICAL GEOMETRY AND CONIC SEC- 
TIONS, a Rudimenlaiy Treatise on. By JauKe HanN. A New EditioD, 

re-written andenlaigedbyProressDi J. R.YatiNC aj 

" The author'! ilyleiieicetdinglr clear and umple, <Dd the hook iiwelt nd^Kd for the b^iau 

g,. PLANE TRIGONOMETRY, the Elements of. By Jambs 
Hakn. lotzatiXf Mathemalical Master of King's College, London . . i 

gj. SPHERICAL TRIGONOMETRY, the Elements of. By 

JAUES HanH. Revised by Chables H. Dowltnc, C.E i 

•,• Or vilh •■ Tki Blttamls of Plant TrigiiHinnitry" in One Volsimi, ai. 6d. 

53. MENSURATION AND MEASURING, for Students and 

Ptacticol Use. With the Meniuratioa and Levelling of Land for the puipooei 
of Modem Engineering. ByT, Bakeh, C.E. New Ed, by E, Nugent, C.E. i 



loa. INTEGRAL CALCULUS. By Homersham Cox. B.A. 

.36. ARITHMETIC, Rudimentary, for the Use of Schools and Self- 

lostniction, ByjAUBS Haodok, M.A. Revised by AbkAUAU Ahuan 



,37. A KEY TO THE ABOVE. By A. Arman . , 
168. DRA WING AND MEASURING INSTRUMENTS. 

iJudiog — I. Instnimenls employed in Geometiicat and Mechanical Drawing, 
and in the Conslraciion, Copying, and Measurement of Mapi and "' " " 
IL lostninients ased for the purposes of Accurate Measuremeiil, s 

By J. F. Heather, M. A. 



169. OPTICAL INSTRUMENTS. Including (more especially) 

Telescopes. Microscopes, and Apparatus for pn>ducing copies of Maps and 
Plans by Photography. ByJ. F. Heathek, M.A. Illustrated . . , i 
"An exCEllat treaiiie."— £n'ifiA Jimntal^ Philatrafh^. 

tyo. SURVEYING Sf ASTRONOMICAL INSTRUMENTS. 

Including— I. instruments used for Determining the Geometrical Features of 
a portion of Ground. II. Instruments employed in Astronomical ObseivB- 
tions. ByJ. F. Heathek. M.A. Illustrated i 

" A (Sod, laliible, useful \ctii."—Scluicl Saant dnKicil. 
'' Tht aiavt tkrti volumtt ferm ai 
' ■ AtallumatUal IsIlnmUKis " .- fri. 

1 MATHEMATICAL INSTRUMENTS: Their Construction, 

i43. AdjusltDcnt, Testing and Use. Comprising Drawing. Measuring,- Op lioU, 
<*9J- Surveying, and Astronomical Instruments. By]. F. HeathES, M.A, 

170. Enlarged Edition, for the most part entirely rewritten. The Three Pans 

) as above, in One thick Volume 4/6; 

"An eJihauuivB trtaliH. bdanging to the well^knowii WealeV Senen. Mt. Healher^i expenence 

,58. ^^E SLIDE RULE, AND HOW TO USE IT. Con- 
taining full, easy, and simple Instructions to perform all Busittess Calculationa 
with unexampled rapidity and accuriicy. By Chakles Hoarb, C.E. With 
a Slide Rule, in luck of cover. Filth Edition 3/6J 

[96. THEORY OF COMPOUND INTEREST AND ANNUI- 
TIES ; with Tables of Logarithms for the more Difficult Computations of 
Inlereil, Discount, Annuities. Ac., in all their Applications and Uses for Mer- 
cantile and Scale Purposes. By FedOk Thouan, oF the Soci«ii Cridlt 
Mobitier, Pmi\t. Third Edition, corerully revised and corrected . . . 4/ot 
" A vwy pArtrful work, nod the author has a very remarkahle coranund of hit subject."— ^rofcnor 

t^ TitX inditaUi Ikal tAtit voli. wuy it had itrcmgtj, ttmiid at 6d. txlra. 



WEALE'S RUDIMENTARY SERIES. 5.3 

Mathematics, Arithmetic, etc., cmUnutd. 
199. THE COMPENDIOUS CALCULATOR (InluUwe Caku- 

tafims); or, Easy and Concise Methods o[ [>erfonniDg the various Arith- 
metical Operalions required in Commenual and Businen Traosaclioiis : 
together wdh Useful Tables, 4c. By Damiei.O'GormAN. Twenty-WiTeoth 

Edition, carefully revised by C. Norris a/6 

',* Tki abovt stnngly half-ieu»d, price y. 6d. 
" It would be dilficult lo eiioenie the uMfulDe* o[ [hii bnok lo ereTTDne enpced [□ ummcrce 

ao4. MATHEMATICAL TABLES, for Trigonometrical, Astro- 
nomical, and Naudcal Calculations ; (o which is prc6xed a Treatise on 
Logarithms. By H. LAW, C.E. Together with a Series oTTables for Navi- 
gation and Nautical Astronomy. By Professor I R. Young. New Edition 4/0 
«04.« LOGARITHMS. With Mathematical Tables for Trigonome- 
trjcal, A^tronom cal, and Nautical Calcnlations. By Henry Law, C.E. 
Revised Ediiioo. iForming part of the aljove work.) 3/0 

„,. MEASURES, WEIGHTS, AND MONEYS OF ALL 
NATIONS, and an Annlysis of the Christian, Hebrew, and Mahometan 
Calendars. By W. S. B. WoOLKOUSB, F.R.A.S., F.S.S. Sixth Edition, a/ot 

3=7. A TREATISE ON MATHEMATICS, as applied to the 

Constructive Arts. Bf Franijes Cahpin, C.E., ftc. Second Edition . - j'o' 
"Shoula !>« is the hudi gf sveryoDe connecled with building COUDucUDa —SuiUn'l Wlikl^ 



PHYSrCAL SCIENCE, NATURAL PHILOSOPHY, etc. 

I. CZr^'M/ST'-ffJ'.for the Use of Beginners. ByProf.GEO.FowNES, 

F.R.S. With an Appendix on the Application of Chemistry to Agricalture. 1/0 

fl. NATURAL PHILOSOPHY, for the Use of Beginners. 

By Charles Touunson, F.R.S. 1/6 

6. MECHANICS: Being a concise Exposition of the General 

Principles of Mechanical Science, and their AppUcalloni. By Charles 
TOMLINSOH, F.R.S 1/6 

7. ELECTRICITY; showing the General Principles of Electri- 

cal Science, and the Purposes to which it hsj been applied. By Sir W, Snow 
Harris, F.R.S., ftc. Withconsiderable Additions by R.SabiNk,C.F.,F.S.A. i,'6 

7». GALVANISM. By Sir W. Snow Harris. New Edition, 

revised, with considerable Addilions, by Robert Sabinb, C.E. . . . i,'6 

8. MAGNETISM. By Sir W. Snow Harris. New Edition, 

revised and enlarged by H. M. Noad, Ph.D. With 165 Woodcuts . . a/f* 
*'Tha bett popiibr uposiiiOD of inaBiietiim, iti iatncjile reladou aad compllcatinjE effecU, with 
whieb wo in acquUDled."^{'c*M; Beard CAtvmc/r. 

II. THE ELECTRIC TELEGRAPH: its Historyand Progress ; 

with Descriptions of some of the Apparatus. ByR.SAfilNB. C.E., F.SjU.&c 3/0 
■■ EatBlially apracticl u>d ioilmclivo wr,iW—I>aJfy TtHgra/*. 

ta. /'.^''^Kt/XJ/C^, including Acoustics and the Phenomena of 

Wind Currents, for the Use of Beginners. By Charles TouliNSON, F.R.S. 

Fourth Edttlon, enlarged. Illustrated I'S 

„ MANUAL OF THE MOLLUSCA: A Treatise on Recent 

and Fossil Shells. By Dr. S. P. WOODWARD, A.L.S. With Appendix by 
Ralph Tatk, A.L.S., F.G.S. With numerous Plates and 300 Woodcuts. 
cloth gilt 7/5 

" A Woreliouie of coacholopal imd ^olofical infonution."— /funAuVir'i Scimct Gttitt. 

"Animporttntirorli, wiib luch idditiDoi u complete it to tbo praenlliinc."— iaKrfaiu/jf'ito'. 

96. ASTRONOMY. By the late Rev. Robert Main, M. A., F.R.S., 

fonnerly Radcliffe Observer at Oxford. Third Edition, revised and corrected 
to the Present Time, by Willtah ThvHnb Lvkn, RA., F.R.A.S. . . a/a 
'^Aieuikd and ilinpJe treatiu, vory carftfolly edited, and a capital book for 'at^amtj±."-^KimoIti/gr 

„, STATICS AND DYNAMICS, the Principles and Practice of; 
embradng also a tdear development of Hydrostatics, HydroilyDamics, and 
Central fomn. By T. Bakkr, C.E. Fourth Editicn iK 



1^ n*X indiealii ttaliktu veil, may it iad itrumgly jemmd at 6d. tiitra. 
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54 CROSBY LOCKWOOD *• SON'S CATALOGUE. 

Physical Science, Natural Philosophy, etc., tonitmui. 

138. TELEGRAPH, HANDBOOK OF THE: A Guide to 
Cand[date« iat EnpIormeDt in the Tdesiaph Service. Bj R. Bond. Fotmli 
Ediiion iloX 

173. PHYSICAL ff^OZOffK.partlybasedonMajor-GeneralPoRT- 

LOCK's'-RudlmeatiofGcolDgy." By Ralph Tate, A.L.S., &c. Woodcuts, a/o 

.74. HISTORICAL GEOLOGY, partly based on Major-Genena 

PORTLOCK'E "Rudiments." By Ralph TaTB,A.T-S., ftc. Woodcnti, , 3/6 

173. GEOLOGY, Physical and Historical. Consisting of 

Jt " Physical Geolot^," wblch sets forth the Leading Principles oC the Science : 

174. sad " Historical Geology," which treats of Ibe Mlniral imd Omanic Condiiions 
of the Earth at each Hiccenii>e epodi. Bjr Ralph Tatb, F.G.S., Ac, Ac. 
With 350 Illu»tCEidoi« 4/6I 

" The (ulneu of Che ■utto' luu derated Ihs book isto a babiuI. In inTacniii Ion ii eilixiutiTi! and 
*cU anaiisKl. utliktany Bibjcct nu^ be opsngd upon txaaoeJ'—SclittlBMtntCknnitU. 

,83. ANIMAL PHYSICS, Handbook of. By Diosvsius Lard- 
1B4. NBR.D.C.L. With 5ao Illuitralions. In One VoL(73a pages), cloth bovdi. 7/6 

•,• Sold also in Toe Paris, <u follant : — 
183. Ahiual Physics. By Dr. Lakdneb. Part I., Chaptos t.-VII. . . 4/6 
i8«. Aniual Puvsics. By Dr. Laidkes. Part II., Chapters Vdl.-XVIII, .3/0 
"Thii book conuini a mat deal man tbu an inlrodnciion tohaiua anatDiny. In it will be found 
of llic pluiionienn ofhirth, irowth, taiiiBa.y.'~EduaUisiia! Timti. 

869. LIGHT: An Introduction to the Science of Optics. Designed 

for the Use of Students of Architecture, EngineenoB. and other A|^lied 
Sciences. By E. Wvmdhau Tarn, M.A., Author ot "The Sdance of 
Building." ftc \jMst pubUditd. t/G 



FINE ARTS, etc. 
ao. PERSPECTIVE FOR BEGINNERS. Adapted to Young 

Students and Amateun In Aichitcctcre, Painting, &c. By GsOKGB PVNB. a 

40. GLASS STAINING, AND THE ART OF PAINTING 

Olf GLASS. From the German of Dr. GesSerT and EmAnUEL Otto 
Froubbb(3. Wllh an Appeodii on The Art or Enaublling. . . a, 
69, MUSIC, A Rudimentary and Practical Treatise on. With 



. Sliaicer bai manlHlUd hli infoniivian with much ikill. ud yM with ■ nmplidly that miu 
id himorlii tniUwbo— '- ■- ■'— -*-' ■■ — —' '-"' '" -" •"- 



numerous Biamplej. By Charle 

to thocuughly undentind auiic"— 'W'nt// Tim. 

71, PIANOFORTE, The Art of Playing the. With numerous 

Exercises and Lessons. By Charles Child Spghcrr . .1/6 

" A »und nod excellent wwk, written with ALiit. and calculated to inapire the pnpi] with a deuc to 
aim at it^ accompliihmcDC Id lbs itC'—Se/utl Dnrd CMrimieU. 

69.ji. MUSIC,AND THE PIANOFORTE. One Vol Half-bound. 5/o 
,81, PAINTING POPULARLY EXPLAINED. By Thomas 

H GiTLLicic, Painter, and JOHN TiMBS, F.S.A. IneludiDg Fresco. Oil, 



fi: 



. Josaic, Water Colour, Water-Glass, Tempera, Encaustic, Minial 
on Ivoi7, Vellum, Pottery, Enamel, Gloss, &c. Fifth Edidon . . . s/oj 
*.* Adupled as a Pritt baek at Seuih KtnsiHgtm. 

** Much may be learned, even by thou who hjtcj they do not require to be taufht, from the ^treful 
fWTUvil of tiiii unpretending but compretiauive treaOK." — Art T^unal. 

,86. A GRAMMAR OF COLOURING. Applied to Decorative 
Punting and the Aits. By Cborgb Fibld. New EdilioD, revised and 
enlarged by ELLIS A. Davidson.. With Colonred Plates .... 3/0J 

"The book is a movt useful ri«in<*/ of the properties of pigments."— .dki/i^, 

"One of tile most useful ofstudenlt' books." — Ankiitct. 

a^ A DICTIONARY OF PAINTERS, AND HANDBOOK 

FOR PICTURB AMATBVRS: being a Guide for Visitora to Public and 
Priiate Picture Galleries, and for Art-Students, indoding Glossaiy of Terms, 
Sketch of Princdpal SchooLi of Painting, Sea. By Philippb Darvl, BA. . a/6X 
" Coasidetiog its ssiall compau, really sdminbte. We cordiaUr recommcDd the book.'— Aw'^Ar. 

^ Tlu X i m dieatt i tkal Hust v«U, maj it kad stranglj bound at 64. txtra. 



WEALE'S RUDIMENTARY ^tERIES. SS 

INDUSTRIAL AND USEFUL ARTS. 

B3. BRICKS And tiles. RudimerUiy Treatise on the 

Manufaclure of; conUining an Oulllae of the Priaciples of BriclunakinE. 

Bj E. DOBSON, M.R.I.B.A. Additions by C. Tomlinson, F.R.S, lllust. a/oj 

67. CLOCKS AND WATCHES, AND BELLS, a Rudimentaiy 

Treaiiw on. B; Sir EcuuKD Beckett, Bart. Q,C. SevcDih Ediiion. . 4/6 
*,* Thi atmie hanitamify ietmd, elelk tearii, ^. 6d. 
" Tha Lea votk on the tubjcci probably uust. Tbt tnalit* on belli ii usdoabtedlT Ihe ben in 

the Inngiage."— £jv(Brtrinj. "The only modennremuo on ctoek-BuAing."— /?»in!«rfcB/ 7»n™ail 

B3". CONSTRUCTION OF DOOR LOCKS. From the Papers 
of A. C. HoBBs. Edited by Chaslbs Tomlinson, F.R.S. With a Note 
upon Iron Saves by Robert Mallet. Illustrated s/fi 

iisa. THE BRASS FOUNDER'S MANUAL: Instructions for 

ModetliDg, Pmiem Making, Moulding, Turning, &c By W. Gbahah. . a/of 
105. THE ART OF LETTER PAINTING MADE EASY. 

By Jauks Gbbig Badenoch. With la full-page Engravings of Examples . 1/6 
"Any intelligent lad who (ajli lo turn out decou woik aCuriludyuig Ihii lyiuin, hu miiUkea bis 
v<xMtKin."—EKeli,i JUtciamic. 

aij, THE GOLDSMITH'S HANDBOOK, containing full In- 



Pbysical Properties of Gold ; Solders, Enamels and other useful Rules and 
Redpes, &c. By Georcb E. Gee. Third E^ditloD, cousideiably enlarged . 3/ot 

"A good, KiuDd, (cchniol eduoior."— //•tWaricfl/ 7««T<fl/. 

" A ilandud book, which few will cue to bs wTihcuL '■~7A«/;ir and MilaiwcrJiir. 

3»s. ^HE SILFERSMI7H'S HANDBOOK, on the same plan 

as the above. By GeokgE E. Gee. Second EdilioD, Revised . . . s/oj 

" A mluable lequel to theaulhori • FractialGcliwoiiitr.-"^SHwrmitk'i TraJr ^imntal. 
" Aa a guide to workniea it will prove a good techmcBl educator."'— GiW^fOfu Heraid^ 
'.' Tit two fnudittg Werki. in Qnt handsome Vol., kalf-bouHd. tnliilid " The 
GOLDSUITH'S KtSa SiLVEKEUITU'sCoHFLETE HANDBOOK," 71. 

»49. THE HALL-MARKING OF JEWELLERY. Compris- 
ing an account of all the different Assay Towns of the United Kingdom j with 
the Stamps at present employed 1 also the Laws relating to the Standards and 
Hall-Marks at the various Assay Offices. ^ GeOEGe E. Gkb . . . 3/0J 

'^Dealfl thorough! jr with its subject fram a mauufaclurer^and d«aler'a point of vicv.'*—-7>HZtW'. 

" A valuable and iruiiworchy i,'iiit''—Eitgluk MickanU. 

934. COACH-BUILDING : A Practical Treatise, Historical and 

Deacripti*e. By Jaubs W. Burgess. With S7 IUu»t™tions . . . a/6t 

'*Thift handbook will lupolf a long-felt want, not oiJy to mannTacturen themwlvct, but more 
particululv anprenticei ud oUien whoH occupationi ma* bo in any way connected with the trade of 
«ach-biiildio».^-J«i.>™i Mail. 

,33. PRACTICAL ORGAN BUILDING. By W. E. Dickson, 

M.A., Precentor of Ely Cathedral. Second Edition, Revised, with Additions a/tij 
"The amauut builder will lind in tUi book all thai it neceuary to enable him pengniJly 10 01B- 
■truct a perfect organ with bil own haodl." — Acadtmy. 

"'i'he beu work on the lubjoct Ihaihai yet appeared in book taTm."-.Ei^Uik MKhUMie. 

afa. THE ART OF BOOT AND SHOEMAKING, including 

Measurement, LBst-SiIing, Cutllng-oul, Closing and Mnldng ; with a Dcscrip- 
tioaof the most Approved Machinery fmployed. By JOHN BEDFORD Leno> 
late Editotof" Si. Crispin "and "The Boot and Shoemaker." With nnmerous 

Illustrations. Third Edilioti ... . ' a/of 

" Thia excellent Ereaiite ia by tar the beat wotlc ever written ttf the aubjeet. The chapter on clicking:, 
which ihowi how waite may be prerenled, will save idtj ttmet the price of the book.^'— .Vf^r JuA LrciJidr 

,6^ MECHANICAL DENTISTR Y: A Practical Treatise on the 
CoDstniction of the Various Kinds of Anlficlal Dentures, comprising also 
Useful Foimuln:, Tables and Receipts for Cold Plate, Claspg, Soldeis, &c. 
By Charles Hunter. Third Edition, renised, with additions . . . 3/0J 

" Wa can strongly recommead Mr. Hunter'a treatiae to all atudcatl preparing for the profession of 
dcntisty, uweLlai [a erery mEchanical d enlist, ''—^h^iIih ynraaJ e/ Mtdiral Satact, 

ajo. WOOD ENGRAVING: A Practical and Easy Introduction 

to the Study of the Art. By W. N. Brown . . \yiiit tuiliiidd. 1/6 



' TJU X inditalu Oaf tttu vob. mof it had itrmgly teund at 6d. txira. 
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WEALE'S RVDIMENTARY SERIES. 



MrSCELLANEOUS VOLUMES. 

36. A DICTIONARY OF TERMS used in ARCHITECTURE, 
BUILDING, ENGINEERING, MINING. METALLURGY, ARCHjE- 
OLOGY, tht FINE ARTS, 6fc. By JOHH Weale. Sixth Edilion. 
Edited by Robt. Hunt, F.R.S., Keeper of Mining; Records, Editor of 

" lire's DictioDary." Numerous Illustrations 5/0 

*.• The abovi, strongly bound in cloth ioardi, price 61, 
"Tlifl beiE mull tcchnolDgickl dLciionary in tbe UnEuaft " — Arckilict, 

mad from our eaminuiDa it appean Tcry cotrect atid very complEtc." — Miwing JpumaL 

''ThcTfi is DO need DOW IQ Apeak of Ibe eji«I[eD« of (his work ; it ncelvtd (he approvKl of the com- 
miinily long ago. Edited now by Mr. Robert Hunt, and pubLUtied in a cheap, handy form, it will 
the utmait H>vl» ua book of nfereiiee icucely 10 be exceeded in value."— £»finn>i. 

St,. THE LAW OF CONTRACTS FOR WORKS AND 

SERVICES. Bj David Gtbbonb. Third Edition, Enlarged . . . 3/0I 
I' A very compendioui, full and intelliEibie digest of the working and tesulU of Ifae law. in retard (□ 

"Thii exhauttive manual is written in a clear, tene, and pleannl ityle. and i> jut Ihe woik loi 
mailcn aad lervanu alike to depend upon for coniunt icfmBct."—MttTeftlilan. 

iij. MANUAL OF DOMESTIC MEDICINE. By R. Goodimo, 

B.A., M.D. Intended as a. Faniily Guide in all teases or Acindent end Emer- 

Rcney. Third Edition, carefully revised a/o 

"The author hu, we think, perfonned a useful lerrice by pladnv at the diaptHalof those situated. 

fessional knowledge and accuracy have been well seconded by ttie ability to erprcu himself in ordinary 
unwchniqal language.'-— /■«*/» ^«/M. 

„a.. MANAGEMENT OF HEALTH. A Manual of Home 

and Personal HTgiene. By the Rev. JAUES BAtBD, B.A i/o 

" The author ei*es sound initruclioni tor the preMrvation of health."— .rfrtminim. 
every page-" — EngUtk Mtckamiz. 

ISO. LOGIC, Pure and Applied. ByS. H. Emmens. Third Edition ,/6 

" This admirabla worit should be a teat-hook not only for Khoolt. studenli and philosophers, fir all 
iOtratlU" and men of sdence, but for those concerned in Ihe practical affairs of life. &.S."—Tlu Seal. 

(33. SELECTIONS FROM LOCKE'S ESSAYS ON THE 

HUMAN UNDERSTANDING. With Notes by S. H. EuilBNS , . s/o 

,S4. GENERAL HINTS TV EMIGRANTS. Containing No- 
tices of (herftrious Fields for Emigration. With Hints on Prepaialion for 
Emigiatinc. Outfits, &c„ Useful Recipes, Map of the World, &c. . , a/o 

,S7. THE EMIGRANT'S GUIDE TO NATAL. By Robert 

JaUES Mann, F.R.A.S., F.M.S. Second Edition, revised. Map . . a/o 

„3 HANDBOOK OF FIELD FORTIFICATION. By Major 

W. W. Knollys, F.R.G.S. With 163 Woodcuts ..... s/oj 

"A'Well-timed and able conlrihulion to our military literalnre. ■ . . The author lopplies, in ■ 
cltnr buiioess Myle, all the information likely to be practically aitbA."'<kaiithrt 0/ Commrrcr 

,94. THE HOUSE MANAGER: Being a Guide to Housckeep- 
ng. Practical Cookery, I^ckling and Preserving, Household Worlc. Dairy 
MaoagemeDt, the Table and Dessert, Cellarage of Wines, Kotne-brewing and 
Wine-niaking, the Boudoir and Dnasing-rDom, Travelling, Stable Economy. 
Gardening Operations, &c. By An Old HousekgePek .... 3/S^ 

u weU u labour to the head."— 7M« £i>^/. 

*' Quite an Encydopdadia of dafneatlc raatten. We have been greatly plealed with the neatnoa 
and lu»dlty ot the eiplasatoty details."— Cmrt Cirm/ar. 

194. \ HOUSE BOOK^The). Comprising: I. TheHouseManager. 
iia, L BranQLoHousEKEEPER. It. DouESTtc Medicine. By Raij>h Gooding, 
& \ M.D. III. Manaqbmeht OF Health. By Jakes Batko. In One Vol, 
119*. ) strongly haltbonnd G/q 

IS* The \ inditaltt that that vali. maj it had ilrongtji htmnd al G£ atra. 



